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THE DETERMII^ATION OP THE NITRATE ASSIMILATING POWER 
OP SOILS AND SOi.iE NITRATE FERTILIZATIOH STUDIES. 
Introduction 
The tendency of nature to work in cycles is well 
known to all students of science« The cycle may be only 
a few hours or it may be several thousands of years in 
length, depending upon the material involved. The elements 
which make up the various compounds of the soil mass may 
later be released in a free or uncombined form. The soils 
student is particularly interested in those elements which 
are of most importance in plant growth, the so-called es­
sential elements. 
The cycles of the elements have been extensively 
studied but many of the steps or stages in the various 
processes are still unknown or not understood. It was with 
the object of securing a little more information regarding 
nitrogen transformations in the soil that this work was 
undertaken. 
The nitrogen transformations in the soil are 
particularly Interesting since the element is of so much 
importance in plant and animal life, and since it has 
always been more or less of a limiting factor in plant 
growth in spite of the fact that there is practically an 
ineadaaustible amount in the atmosphere. 
^Qm, 
NatttTO has found a method, mostly throu£^ the aid 
of certain lower plants, and to a lesser extent through the 
medium of electrical phenomena, to combine the free nitro­
gen of the atmosphere into a form that higher green plants 
can utilize. But nature works very slowly. Until recent 
years, however, man had to depend on nature to make these 
transformations. Methods have now been devised whereby 
these transformations may be synthetically produced at a 
much more rapid rate. Yet the synthetic production of com­
bined nitrogen is expensive and it is expedient that losses 
of these compounds should be prevented and that they should 
be used to the best advantage. 
ijhis work deals with both of these economic 
phases of the problem,^ it was deemed desirable to present 
the data in two parts. Part I deals with the studies on 
the nitrogen transformations in soils,, particularly nitrate 
assimilation by soil microorganisms5 and Part II deals with 
the most economical utilization of nitrate nitrogen for 
growing crops under local conditions. 
Neither the question of nitrate assimilation nor 
that of nitrate fertilization is new. Both have been in­
vestigated very extensively by many students. However, 
much of the data on the question of nitrate assimilation 
has been contradictory or vague, and the v/ork on nitrate 
-9-
fertilization has been applicable only to local conditions 
wliej^e the work was done* Conse<iuently> it is hoped that 
this work will clear up a few of the uncertain points and 
present some new thoughts for use of other investigators* 
-10-
PART I 
THE HITRATE ASSIMILATING POWER OP SOILS 
Introduction 
In this work the term * nitrate assimilation' 
refers only to the utilization of nitrogen in the form of 
nitrates; and the »nitrate assimilating power of soils* 
refers to the inherent ability of the native soil flora 
to utilize nitrate nitrogen from the soil under favorable 
conditions. This must not be confused with the term 
'nitrogen assimilation* as used by some investigators to 
designate the utilization of elementary nitrogen. 
!IJhe transformations of nitrogen in the soil in­
volves several processes. Nitrogen fixation, ammonifica-
tion, nitrification, denitrification and ammonia and 
nitrate assimilation are the most important. In order to 
have a clear picture of what talces place In the soil, a 
knowledge of each of the processes is necessary. It must 
be also imderstood that each of the processes does not 
take place alone. There is a general overlapping, the 
products of one process being utilized in another process 
as fast as they are formed. For this reason the results 
of one are often masked and may be overlooked. For ex­
ample, there may be rapid ammonification but such rapid 
nitrification of the ammonia that none can accumulate. 
1^1-
Also there may De rapid nitrification yet such rapid 
assimilation of the nitrates that the results of nitrifi­
cation are not noticed. Consequently, the products which 
may be found in the soil may be the results of several 
processes. 
In an effort to determine Just what role each 
process plays in nitrogen transformations, an endeavor was 
made to find some treatment which would permit the one 
process to occur and exclude others. 
Methods of Study 
In this study 100 gram portions of soil were in­
cubated in tumblers at room temperature at optimum moisture 
content for varying periods of time and with varying treat­
ments. The original nitrate content of the soil was deter­
mined and after the incubation period, the nitrate content 
was again determined- The amount assimilated was assumed 
to be the difference between the original nitrate content 
plus the amount added and the final nitrate content. All 
determinations .wer© made on a basis of 100 grams of dry soil. 
All tumbler determinations were made in duplicate and two 
readings were made of each. Thus the figures given are in 
all cases the averages of four residings. 
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All nitrate determinations were made by the 
phenol-disulphonic acid method as modified by Harper (59), 
llhere determinations were made of the nitrifying power of 
the soils, they were made by two methods: A. incubation of 
the soil alone at optimum moisture content for 4 weeks, and 
B. incubation of the soil plus 30 milligrams of nitrogen 
as ammonium sulfate plus 210 milligrams of calcium carbon­
ate* VJaksman (139) reconanends the us© of five different 
methods to obtain a measure of the nitrifying power of the 
soil, and no doubt such a system would be better but time 
and space would not permit its adoption for this work* 
/According to Stevens and Withers (130) 4 weeks is the most 
• convenient and effective incubation period and 2/3 satura­
tion is about the optimum moisture content for most soils. 
In order to systematize the work, an effort was 
made to determine the effect of a number of different 
variables on nitrate assimilation in soils. The different 
variables studied in this connection were; 1. The rela­
tion of additions of organic materials to nitrate assimila­
tion; 2. The relation of soil type to nitrate assimila­
tion; v3. The relation of nitrification to nitrate assimi­
lation; 4. The relation of nitrates in the soil to nitrate 
assimilation; ^5. The relation of the nitrogen content of 
the soil to nitrate assimilation; 6. The relation of the 
-13-
carbon-nitrogen ratio to nitrate assimilation; 7. The 
relation of the kinds and numhers of organisms to nitrate 
assimilation; 8. The relation of moisture content to 
nitrate assimilation. 
The Relation of Additions of Organic 
Materials to nitrate Assimilation^ 
In the study of the disappearance of nitrates 
from the soil, the effect of additions cpf organic materials 
has probably been more extensively studied than any other 
phase of the problem. 
It has long been known that additions of plant 
residues such as straw or cornstalks to soils often exerted 
an unfavorable influence on the succeeding crop. This fact 
has led to considerable investigation as to the cause of 
such an effect. One of the first things observed in that 
connection was that the soluble or available nitrogen 
often disappeared from the soil following additions of 
these nitrogen-poor materials. 
Historical 
It appears that .the maj ority of the early in­
vestigators in this subject were of the impression that 
when nitrate nitrogen disappeared it was lost Trom the 
soil, and that its loss was occasioned by harmful organ-
-14-
isas which were introduced into the soil by such 
materials as straw or manure. Breal (14) in 1892 noted 
that straw applied to the soil brought about a disappear­
ance of soil nitrates. He claimed that there was so33ie in­
crease in organic nitrogen but that the nitrogen was main­
ly lost from the soil as a gas. He attributed the low 
nitrogen content of forest soils to this process. 
Kruger ard Schneidewind (79,80), however, in 1899 
developed the theory that additions of cellulose to the 
soil furnished food for soil organisms which utilized soil 
nitrates. They made extracts of manure and straw and 
found that such extracts did not have the depressing effect. 
In 1901 (81) in some pot experiments v/ith soil treated with 
straw and coarse manure, they confirmed their previous 
work. They found that the main effect on the nitrogen was 
a transformation into protein by microorganisms. They 
claimed that the usual designation of denitrification or 
nitrate decomposition was incorrect. 
Maerckor (87) noted from his results on his field 
experiments that manure treated soils often yielded less 
than untreated soils. He .attousted to explain this by the 
theory that large numbers of organisms were added to the 
soil with the manure and these utilized the nitrate 
nitrogen of the soil, thus competing with higher plants. 
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He noted also that straw was worse than manure in this 
respect. Pfeiffer and Lemmermann (106) also thought that 
additions of manure to the soil supplied organisms which 
utilized the nitrate nitrogen. Tiioj agreed with Kmger 
and Schneidewind in attributing the disappearance of the 
nitrates mainly to a transformation to organic form. They 
thought that fungi were mainly responsible for such trans­
formations. In their opinion some of the earlier work 
attributing the disappearance of the nitrates to loss as 
a gas was due to testing in closed flasks or solution 
cultures, and such tests were not applicable to field 
conditions. 
Voorhees and Lipman (138) noted from their review 
of the situation that where sodiTim nitrate was used alone 
there was no residual effect, but that if manure was ap­
plied there was a competition for the nitrate. Yon Seel-
horst and Prechman (117) concluded from their studies that 
when nitrates and straw were added to soils, denitrification 
took place which was proportional to the amoimt of straw 
added. 
Bierema (12) attempted to explain the action of 
straw on soils by solution studies. He used sodium nitrate 
in combination with dextrose, raw sugar, glycerin, glycerin 
plus raw sugar and calcium lactate. He found no trace of 
-16-
nltrate in the cultures after 5 days. Since he secured 
a heavy mold growth in the cultures, he attributed the 
loss of nitrates to assimilation by molds. He next com­
pared the action of oats straw with that of ptxre cellu­
lose and noted that the nitrates disappeared much faster 
with the straw treatments. Prom this his contention was 
that the pentosan content of the straw was a source of 
energy for microorganisms and that the strong assimilation 
of soluble nitrogen from field soils following additions 
of straw was due to the pentosan content, 
Chirikov and Shmuk (24) secured a depressing 
effect from various carbonaceous materials on the yield 
of oats. Sugar, starch and straw were harmful in the order 
named. Additions of lime appeared to lessen the depress­
ing effects. They attributed the detrimental influence 
to the competition for soil nitrates by microorganisms and 
they concluded that the nitrogen was not lost from the soil. 
Kellermen and Wright (76) ascribed the depressive 
effect of applications of cellulose or straw to soils on 
the yield of succeeding crops to a stimulation of cellulose 
decomposing organisms which used the nitrates, Hutchinson 
(67) stated that "The incorporation of such substances 
as sugar, starch or plant residues with the soil is likely 
-17-
to give rise to two opposite processes; one of which 
results in diminution and the other, in an increase in 
the fertility of the soil. Whether the one predominates 
the other or an equilibriiua is attained, depends largely 
on the quantity and type of material applied, the pre­
vailing temperature, the interval "before the intro­
duction of a crop and the presence of the specific micro-
organisms." 
Potter and Snyder (107) found that Increasing 
amounts of mantire caused a decreasing amount of nitrates 
in the soil at first but that after 6 weeks the nitrate 
content increased. This would he expected in soils treated 
with a v/ell decomposed manure. The organisms would rapidly 
hrealc down the organic matter and assimilate the soluble 
nitrogen at first but thereafter the nitrogen which had 
been built into organism tissue would become slowly avail­
able again, 
Lemmermann and Einke (84) used nitrate, liquid 
manure,, straw and sugar on soils alone and in combinations. 
They found stigar to be injurious for on© year and if added 
with straw, the effect lasted longer. They concluded that 
a large part of the soluble nitrogen was lost from the soil 
under treatments w^ith straw and sugar, and that one should 
not expect to improve the nitrogen content of the soil by 
-18-
additions of straw. Beijerinck (11) noted that with var­
ious nitrogen compounds, ammonia, nitrate, nitrite, 
peptone or asparagine the nitrogen was assimilated in the 
presence of glucose. It was evident from this that an 
easily assimilable carbon material such as sugar may serve 
an an energy source for numerous groups of soil organisms. 
Meggitt (91) applied sugar to soils at periodic intervals 
during the sximmer in an attempt to prevent losses of sol­
uble nitrogen from the soil by leaching. He found sugar 
very efficient in preventing any accumulation of nitrates 
in the soil. In his laboratory tests he found that one 
percent of sugar disappeared entirely from the soil in 14 
days. Following this period, the rate of nitrification was 
considerably increased. In a second trial he found that 
one percent of sugar disappeared from the soil in 7 days. 
Straw acted in a similar manner in the field. All the 
nitrate disappeared from the soil in 6 weeks when one 
percent of straw was added. 
Scott (116) secui?ed a slight stimulation in 
nitrate production from an addition of 0.5 percent of straw 
to his soils; but if he increased the amount to one per­
cent, the nitrate production, or at least the accumulation 
of nitrates, dropped considerably below normal and the 
growth of wheat was depressed. The addition of ammonium 
-19-
sulfate lessened the depressing effect. This last could 
h© easily explained by the fact that the ajnuionia nitrogen 
was nitrified and made more nitrate available for the 
plants. In his laboratoi^ studies he incubated soils in 
^ars with vailing amounts of straw added. He determined 
the nitrates at 2, 4, 6 and up to 48 weeks. With only 
0.5 percent of straw the nitrate content was at first 
reduced "but after 8 weeks began to recover. It required 
18 weeks for the soils treated with one percent straw to 
regain the original nitrate content. Recovery was quicker 
if ammonium sulfate was added. 
Collison and Conn (29) claimed that there were 
two harmful effects of straw and other plant residues 
added to soils. One was due to the stimulation of nitrate 
assimilating organisms, and the other to the presence of 
a toxic chemical agent of some sort^ 
Brown and Gowda (18) found that nitrification 
as shown by the nitrate content of the soil was increased 
by manure applications up to a maximum of 36 tons per acre 
The nitrifying power, however, was not increased in propor 
tien to the amo\»xt of manure added. There was no indica­
tion of any denitrification with this amount of manure. 
Clover hay did not increase the nitrate content of the 
soil but apparently did increase the nitrifying power. 
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Allison (3) in 1927 at Hew Jersey found tlaat 
various materials of a liigli carhon—nitrogen ratio sucii as 
oats straw, timothy hay, corn stalks or fresh horse manure 
caused a decrease in the yield of oats. He attributed this 
to the stianzla'oed action of the nitrate assimilating 
organisms vfhich competed with the oats for available nitro­
gen. Cow manure and clover or cow-pea hay did not exhibit 
this depressing effect. Ho incubated soils in tuiablers 
with sterilized horse manxire in amounts up to two percent 
by weight and found the same disappearance of nitrates as 
with tmsterilized manure. This should show quite clearly 
that the effect of the amnure is not due to added organisras 
but to the addition of energy material. He found by fur­
ther studies that when he mix6d three percent sterilized 
manure with soil in ttunblers, all of the nitrate disap­
peared in 16 days; but at the end of 40 days there was a 
partial recovery and at the end of 66 days there was more 
than a total recovery. If he added sodium nitrate with 
the manu2pe, the nitrate was assimilated just as before but 
the recovery was slower. 
Smith (123) added 30 milligrams of nitrate nitro­
gen to 100 grams of soil in tumblers and Incubated it 14 
days. He found varying amounts up to 20 milligrams 
assimilated in this period, depending on the soil. Prom 
-21-
hxa resiilts it appeared that additions of straw or fresh, 
horse manure to field soils stimulated the nitrate assimi­
lating power of these soils. 
In soEie previous work the author (105) found 
that the amotmt of nitrate nitrogen assimilated by 100 
grams of soil in tumblers depended upon the amount of 
nitrate added, the kind and amount of organic matter added 
and the length of the incubation period. 
PreliainaiT Studies 
In SQsne previous studies the author (105) found 
that for mee t soils 10 milligrams of nitrate nitrogen in 
the presence of one percent of soluble organic matter 
would be all assimilated in one week by 100 grams of 
soil in tumblers. 
In this work some preliminary testa were made 
using 10 milligrams of nitrate nitrogen plus one percent 
dextrose per 100 grams of soil and a 3-day incubation 
period. In most cases the nitrate was all assimilated in 
this time. A test was then made using 100 grams of 
Carrington loam plus one percent dextrose plus 25 milli­
grams of nitrate nitrogen in tumblers. The incubation 
period was varied from 8 hours to 3 days. The results 
secured from this test are given below. 
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•pirne of Incubation Mgm» HO-k-N. assimilated 
8 liours 4.00 
12 " 5»20 
24 " 9 • ^  
72 »' 11*45 
As it was often impractical to use a i^orter Incubation 
p0p3,od. tlian 3 days, an addition of 25 milligrams of 
nitrate nitrogen per 100 grams of soil was chosen as the 
most practical amoimt for this work. 
Experimental 
During the progress of the greenhouse and field 
fertilizer experiment work reported in Part II of this 
dissertation, soil samples were collected from the various­
ly treated plots and determinations were made of the 
nitrate assimilating power of the soils to ascertain 
whether or not the various field treatments affected the 
results. 
From the eagperimental corn field on Garrlngton 
loam, located near the Agronomy Farm of the Iowa Agricul­
tural Experiment station, samples were collected from 
variously treated plots at regular intervals during the 
spring and summer of 1929. mt all of the soils were 
sampled at each date and data are given in the tables 
only for those soils sampled. In this field plots 1 to 8 
were on a fall plowed area and plots 9 to 16 were on a 
-23-
spring plowed area. The first sampling was made on May 25 
and the nitrate assimilating power was tested according to 
the method given above using 25 milligrams of nitrate 
nitrogen plus one percent dextrose per 100 grams of soil 
with a three day incubation period. The results of this 
study are given in table 1. 
At the time of sampling the soils were all low 
in nitrate content, averaging about 0.75 milligrams per 
100 grams of soil. On none of the plots did the amount ex­
ceed 1.00 milligram. It can be noted from table 1. that 
there were no app8^?ent differences in the nitrate assimi­
lating powers of the soils from plots 2 to 7; and there 
is no evidence that the treatments had in any way affected 
the nitrate assimilating power. The reaction of these soils 
was determined according to the quinhyorone electrode 
method. Ho significant differences in the reaction were 
observed between the different soils. The soils from plots 
8 9 showed a considerably higher nitrate assimilating 
power than any of the other soils tested. This may have 
been due to differences in moisture content or other 
physical conditions, as plot 8 was on a lower portion of 
the field and plot 9 was on spring plowing and each had 
a higher moisture content than the other soils. 
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TABIiE 1 
MITR/i.TB ASSI&IIL&TIOH STUDIES OH CARRIKGTOil LOAM 
(100 gms. soil + 25 mgm, nitrate nitrogen + 
1 percent dextrose incubated 3 days.) 
Soils Sampled on May 25, 1929, 
:MgEi. NOg-N 
Plot: Treatment :assimilated 
No.: ;per 100 gms, 
:soil 
2A Farm manure 8 tons per acre 15.25 
3A Corn stalks treated with Adco. 8 tons 14.61 
4A Oats straw treated with Adco, 8 tons 15.67 
5A Oats straw well rotted. 8 tons 15.11 
6A Untreated 14*49 
7 Dry corn stalks 2 tons 15.79 
8 Dry oats straw 2 tons 18.05 
9 100 lbs. nitrate at planting time 19.42 
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The next aampling was made June 10 and the re­
sults of this study are reported in table 2. The nitrate 
content of all soils had been appreciably increased at 
this time, varying froan 1.25 milligrams to 3.33 milli­
grams per 100 grams of soil. However, there seemed to be 
no correlation between the nitrate content and the nitrate 
assimilating power as measured by this method. With the 
exception of the slight irregularity of the soils from 
plots 2 and 10 there appears to have been a decidedly 
higher nitrate assimilating power in the soils from the 
spring plowed area, 9 to 16, than on the fall plowed area. 
The third sampling was made June 24 and the re­
sults are given in table 3. At this date the nitrate con­
tent of the soils varied from 1.37 milligrams on plot 5 to 
2,78 milligrams per 100 grams of soil on plot 9. In gen­
eral the nitrate content in the spring plowed soils aver­
aged about 50 percent higher than in the soils of the fall 
plowed area. At this sampling there was still some evi­
dence of a higher nitrate assimilating power of the soils 
from the spring plowed area. This difference, however, 
was less strong than at the previous sampling. 
The foTirth sampling was made on July 2. The 
results of this study are given in table 4. For this study 
three different methods wore used for measuring the nitrate 
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TABIE 2 
NITRATE ASSIMILATIOIT STUDIES OM CARRIKGTOH LOAM 
(100 gms. soil + 25 aigm. nitrate nitrogen + 
1 percent dexti»os© incubated 3 days«) 
Soils Sampled on Jane 10, 1929* 
:filgm. KOg-K 
Plot Treatment :assimilated 
Ko. :per 100 gms. 
;soil 
2A Farm manure 8 tons per acre 16,92 
3A Com stalks treated with Adco 8 tons 15.29 
4A Oats straw treated with Adco 8 tons 14.34 
5A Oats straw T/ell rotted 8 tons 15.15 
6A Untreated 13.95 
7 Dry com stalks 2 tons 15.37 
8 "Drj oats straw 2 tons 15.00 
9 100 lbs. nitrate at planting time 18.00 
10 100 lbs. nitrate hill application at 
planting time 16.77 
12 Untreated 20.14 
13 200 lbs. nitrate at planting time 18.28 
15 100 lbs. nitrate at planting time 17.68 
16 50 lbs, nitrate at planting time 18.97 
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TABI^ 5 
IflTRATE ASSIMILATION STUDIES OH CARRHTGTOH LOAM 
(100 gms, soil + 25 mgm, nitrate nitrogen + 
1 percent dextrose incubated 5 days.) 
Soils Sampled June 24, 1929« 
Plot 
Ho, 
sMgm, NOg-K* 
Treatment :assimilated 
:per 100 gms, 
:soil 
2A Farm manure 8 tons per acre 13 • 02 
3A Com stalks treated with Adco 8 tons 14 .51 
4A Oats straw treated with Adco 8 tons 14 .83 
5A Oats straw well rotted 8 tons 14 .19 
6A Untreated 14 .46 
7 com stalks 2 tons 15 .49 
8 Dry oats straw 2 tons 15 ,42 
9 100 lias, nitrate at planting time 16 .28 
10 100 ITds. nitrate hill application 
at planting time ., 15 .69 
12 Untreatied 16 .88 
13 200 Ills, nitrate at planting time 16 .60 
15 100 lbs. nitrate at planting time 15 .84 
16 50 lbs. nitrate at planting time 16 .13 
TABLE 4 
NITHATE ASSIMILj\TlOH STUDIES OH CARRIHGTON LOAM 
(100 gms. soil + 25 mgjn, nitrate nitrogen + organic 
matter with different inoubation periods.) 
Soils Sampled on July 2j 1929, 
Plot 
No. 
Treatment 
; Mgm. NOg-N assimilated 
; per 100 gms» soil 
6 , 5 % — r o 7 5 ^ — —  
:dextrose ; starch : straw 
: 5 days ; 1 week :2 weeks 
6A Untreated 13.04 6 •84 9 .79 
7 Dry cornstalks 2 tons 13*52 7 .07 9 .22 
8 Dry pats straw 2 tons 13.63 8 .18 8 .88 
9 100 lbs. nitrate at planting time 14.02 7 ,82 9 ,92 
10 100 lbs. nitrate hill application 
at planting time 13.01 8 .46 10 ,51 
12 Untreated 15.01 7 .66 8 .16 
13 200 lbs * nitrate at planting time 13.77 7 .52 8 .97 
15 100 lbs* nitrate at planting time 14.60 8 .15 9 .70 
16 50 lbs. nitrate at planting time 13.28 10 ,53 9 .23 
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assimilating power of the soils, as shown in the table. 
At this date the nitrate content was fairly uniform for 
all the soils, averaging about 2.00 milligrams per 100 
grams of dry soil. Differences in the nitrate assimilat­
ing power of the soils were too small to be of any signif­
icance. In this case there appeared to be no effect either 
from treatments or other conditions* 
The fifth sampling was made on July 8. This was 
shortly after the second application of fertilizer arjd 
there was a considerable difference in the nitrate content 
of the TOils from the different plots. The results of this 
study are given in table 5. As with the previous sampling 
there was no particular difference shown in the nitrate 
assimilating power of the different soils• The data show 
the amount of nitrate assimilated to be less when 0»5 per­
cent dextrose was used with two weeks incubation than it 
was when the same amount of dextrose was used with one 
week incubation. Also, the amount assimilated was less for 
the one week period than it was for the 5 day incubation 
period using 0.5 percent dextrose. The probable explan­
ation of this is that the 0.5 percent dextrose had all 
disappeared from the soil in about 5 days or less. After 
the dextrose had disappeared, nitrification was accelerated. 
The sixth sampling was made on July 29, at which 
TABLE 5 
NITRATE ASSIMILATION STUDIES m CARRINGTON LOAM 
(100 gms. soil * 25 mgm. nitrate nitrogen • organic 
matter with different incubation periods.) 
Soils Sampled on July 8< 1929. 
« 
• 
• 
Plot : Treatment 
Mgm. MOg-N. assimilated 
per 100 gms. soil 
No. : 0.5% : Q.5% : 0.5% 
dextrose Jdextrose tstarch 
1 week : 2 week$ :2 weeks 
2A Farm manure 8 tons per acre 10.35 
) 
9.25^ 9.75 
2B 2A + 100 lbs. nitrate July 3 10.78 9,03 9.43 
3A Cornstalks treated with Adco 8 tons 10.35 9.15 9.85 
3B 3A + 100 lbs. nitrate July 3 10.75 10.05 9,05 
4A Oats straw treated with Adco 8 tons 10,86 10.51 10,11 
4B 4A • plus 100 lbs. nitrate July 3 11.99 9.79 9.79 
5A Oats straw well rotted 8 tons 10.27 9.42 9.57 
5B 5A •plus 100 lbs. nitrate July 3 11.24 9.94 8.59 
6A Untreated 10.93 10.13 9.83 
6B 100 lbs, nitrate July 3 11.94 9.44 9.39 
7 Dry com stalks 2 tons plus 100 lbs. 
nitrate July 3 11.63 10.18 9.73 
8 Dry oats straw 2 tons plus 100 lbs. 
nitrate July 3 11.71 9.06 10.21 
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time the nitrate content of all the soils was very low. 
The results of this study are given in table 6. Due to 
the pressure of other work, these soils were incubated 
longer than desirable, and consequently, since only 0.5 
percent dextrose was used in the test the effect of the 
dextrose was probably lost before the end of the incuba­
tion period. Vfltien tested by using one percent stray/ and 
three weeks incubation there was some evidence that the 
manure treatments had depressed the nitrate assimilating 
pov/er. 'Phero was no evidence of any particular effects 
from any of the other treatments. 
The seventh and last sampling was made on 
August 22. At this time also the nitrate content was 
low on all soils. The results of the study are given in 
table 7. Only one method of measuring the nitrate assimi­
lating power was used at this sampling: one percent dextrose 
with 4 weeks incubation. With the exception of the soils 
from plots 2B and 5A there was no evidence of any effect 
from the different field treatments. There may have been 
slightly depressed assimilating power in the manure treated 
soils, but if any, it was small. 
TABLE 6 
NITRATE ASSIMILATION STUDIES ON CARRINGTON LOAM 
{100 gms, soil + 25 mgra. nitrate nitrogen + organic 
matter with different incubation periods.) 
Soils Sampled on July 29, 1929. 
Plot 
No. 
Treatment 
Mgm. NO3-N assimilated 
per 100 gms, soil 
0.5^ : 0,5% ; 1% 
dextrose idextrose;straw 
2 woeks ; 3 weeks:3 weeks 
2A Farm manure 8 tons per acre 10*68 10.33 5.68 
2B 2A + ICQ lbs. nitrate July 3 10.50 8.90 4.65 
4A Oats straw treated with Adco 8 tons 8.51 10*26 7.56 
4B 4A + ICQ lbs. nitrate July 3 8.43 9.58 6.13 
6A Untreated 10.05 10.70 6.80 
6B 100 lbs. nitrate July 3 8.65 8.10 6.45 
7 Dry com stalks 2 tons + 100 lbs. 
nitrate July 3 8.75 9.60 7.25 
8 Dry oats straw 2 tons 100 lbs. 
nitrate July 3 9.48 8i68 7.48 
9 100 lbs. nitrate at planting time 9.44 9.69 8.68 
11 100 Iba. nitrate July 3 12.73 9.48 7.13 
12 "Untreated 12.13 9.33 6.63 
13 200 lbs. nitrate at planting time 8.88 9.28 6.13 
14 200 lbs. nitrate July 3 11.35 10.25 5.50 
-33-
TABLE V 
NITRATE ASSIMILATION STUDIES ON CARRINGTON LOM 
(100 gma. soil + 25 mgm. nitrate nitrogen + 
i percent dextrose incubated 4 weeks.) 
Soils Sampled on August 22, 1929. 
. ;Mgm« NOg-U 
Plot: Treatment :assimilated 
Ho.I :per 100 gms. 
: :soil 
2A Farm manure 8 tons per acre 10 .68 
2B Same as 2A + 100 lbs. nitrate July 3 9 .92 
3A Com stalks treated with Adco 8 tons 10 .21 
3B 3A ^ 100 lbs* nitrate Jxily 3 10 .90 
4A Oats straw treated with Adco 8 tons 11 .39 
4B 4A -fe 100 lbs. nitrate July 3 11 .42 
5A Oats straw well rotted 8 tons 9 .26 
5B 5A + 100 lbs. nitrate July 3 11 .36 
6A Untreated 11 .74 
6B 100 lbs. nitrate July 3 11 -39 
7 Dry com stalks 2 tons + 100 lbs. 
nitrate JUly 3 12 .95 
8 Brj oats straw 2 tons + 100 lbs. 
nitrate July 3 11 .30 
11 100 lbs. nitrate July 5 11 .80 
12 Untreated 11 .25 
14 200 lbs. niti'ate July 3 11 .10 
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Conclusions 
A summary of all the studies of this series is 
given in table 8» In the early part of the season the 
soils in the spring plowed area shov/ed a distinctly hi^er 
nitrate assimilating power than the soils in the fall 
plowed area, y^hether this was due to moisture differences 
or to some other physical factor could not be determined. 
The moisture content of all the spring plowed soils was 
considerably higher than that of the other soils all the 
early part of the season. There was some evidence that 
the manure treatments might have depressed the nitrate 
assimilating power toward the end of the season, btit the 
effect was slight. None of the artificial manure treat­
ments, the dry straw or com stalk treatments nor the 
nitrate fertilizer treatments had any definite effect. 
The Relation of Soil Type 
to llitrate Assimilation. 
Since soils differ so widely in their physical 
and chemical characteristics, and also in some of their 
biological characteristics, it is quite conceivable that 
the nitrate assimilating power might be correlated with 
the soil type. 
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TABLE 8 
SUMMARY OP NITRATE ASSIMILATION S 
• • 
« • 
Hgm. nitrate nitrogen asslmli 
Plot • • 4 • May 25:: June 10: :June ^4: t July 2 • 
No. :: 1% dextrose • « : 0.556 : 0.5^ : 156 : 0.5^ 
• • 
• m 3 days inculasitlon : :dextrose : starch : straw rdextrc 
m • 
• • :: • » : : : 5 days : 1 week : 2 weeks : 1 wee 
2A 15.S5 16.92 13.02 rntmnmm 10.3£ 
2B •b«a M Oi 10.7E 
SA 14,61 15.29 14.51 •••••• «v .... 10.3£ 
SB mm M av M MtWM O 10.7£ 
4A 15.67 14.34 14.83 mm M «» 10.8( 
4B ---- .... 11.9? 
5A 15.11 15.15 14.19 — —  m m m m  10.2*! 
5B 11.24 
6A 14.49 13.95 14.46 13.04 6.84 9.79 10.3£ 
6B 11. 9^ 
7 15.79 15.37 15.49 13.52 7.07 9.22 11.6; 
8 18.05 15.00 15.42 13.63 8.18 8.88 11.7: 
9 18.00 16.28 14.02 7.82 9.92 .... 
10 16.77 15.69 13.01 8.46 10.51 .... 
11 mBmmmm-mm .... 
12 19.42 20.14 16.88 13.01 7.68 8.16 «**«»• 
13 18.28 16.60 13.77 7.52 8.97 
14 ^ _ M «• «»•» «• 1 
15 17.68 15.84 14.60 8.15 9.70 ••••Ma 
16 18.97 16.13 13.28 10.53 9.23 «• «» W < 

f 
TABLE 8 
JSIMILATION STUDIES ON CARRINGTON LOAM 
?ogen assimilated per 100 gms, of soil 
July 11 N July ::Auk. 'ait 
0.5^ ; 0.h% t O.Sjfe : :  0.5^ ; ; 1^ :: 1% 
;raw :;dextrose:dextrose: starch. ::dextrosetdiextrose: straw ;:dextrose 
reeks:: 1 week : 2 weeks:2 weeks :: 2 weeks: S weeks:3 weeks:: 4 weeks 
0 «i 10.35 9.25 9.75 10.58 10.33 5i68 10.68 
10.78 9;03 9;43 10.50 8.90 4.65 9.92 
10.35 9.15 9.85 ..... .... 10.21 
10.75 10.05 9.05 10.90 
10.86 10.51 10.11 8.51 10.26 7.56 11.39 
11.99 , 9.78 9.79 8.43 9.58 6.13 11.42 
10.27 9.42 9.57 .... «»«»•*«• 9.26 
• M «• m 11.24 9.94 8.59 0mmtmnm 11.36 
3.79 10.39 10.13 9.83 10.05 10.70 6.80 11.74 
11.94 9.44 9.39 8.65 8.10 6.45 11.39 
J.22 11.63 10.18 9.73 8.75 9.60 7.25 12.95 
3.88 11.71 9.06 10.21 9.48 8.68 7.48 11.30 
3.92 
% CT 
m» mm mum 
— —  
9.44 9.69 8.69 
— —  
J • wX 
i» «»«»«• 12.73 
«»«•«•«• 
9.48 7.13 11.80 
3.16 12.13 9.33 6.63 11.25 
3.97 •1 8.88 9.28 6.13 
3 • Tff% 
11.35 10.25 5.50 11.10 
ru 
3.23 
mum m mm 
0 «• «• «» 
« «»«• «• 
1 
i 
1 
i I 
1 
1 
i 
} 
! 
I 
i 
j 
i i 
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Hlstorleal 
Coleman (27) studied the biological action in 
several different soil types and noted some differences. 
He noted that on Wooster or Carrington loam soils sodium 
nitrate in amounts up to 1500 pounds per acre stimulated 
airanonification. Above 1500 poxxnds per acre there was a 
depressing influence, and at 5 tons per acre ammonifica-
tion was depressed 13 percent below normal* On the Penn 
clay loam 5 tons per acre was not depressing. Sodium 
nitrate was found to be much more depressing on Sierra 
clay than on the Carrington or Wooster soils. This might 
possibly be due to the greater alkalinity of the Sierra 
soil. V8hen he studied nitrification in these soils, he 
found that sodium nitrate depi»Qsaed nitrification in the 
Horfolk sandy loam and in the Penn clay loam, but had 
less effect on the Wooster and Carrington soils. He 
attributed these differences to different strains of orgsoa-
isms in the different soils. 
When he tested the niti»ate assimilating piMsrer 
of the soils, using *33 milligrams of nitrate nitrogen per 
100 grams of soil in tumblers and 21 days incubation, he 
found 23.56 percent assimilated in the Horfolk sandy loam, 
20.00 percent assimilated in the Penn clay loam and 
24.21 percent in the Carrington loam. When he added 
-37-
two percent straw to the above treatments, he seciired 
about double the assimilation in the Horfolk soil. He 
gave no data on the other soils with the addition of straw. 
Whether or not these differences are significant cannot 
be determined without further studies. 
Collison and Conn (29) found that the harmful 
effects of straw did not occur as early on clay soils as 
on sandy soils. Possibly this might have been due to 
moisture conditions. Von Seelhorst and Freckman (117) 
claimed that straw alone was more injurious on loam soils 
than on sandy soils. 
Bach (8) claimed that the soil type was impor­
tant since the oxidation of organic matter would proceed 
faster in sandy soils than in clay soils. He concluded 
that oxidation was slower in the limed soils than in im— 
limed soils. However, this would likely depend upon the 
original soil reaction. 
Experimental 
In the fall of 1929 a quantity of soil was col­
lected from six different soil types to study the effects 
both of the soil type and the soil treatment on nitrate 
assimilation. Soil I was Carrington loam, soil II was 
Shelby loam, soil III was Carrington fine sandy loam. 
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soil IV was Calhoun silt loam, soil V was Clinton silt 
loam and soil VI was o*Heill loaa. These soils were pot­
ted in four-gallon stone pots in the greenhouse, using 
3 pots (A, B, C) for each soil type. These were given the 
following treatments: A - Untreated, B - 200 pounds per 
acre of sodium nitrate, C - 200 pounds per acre of sodium 
nitrate plus finely chopped dry oats straw at liie rate of 
2 tons per acre. The soils were kept at optimuia moisture 
free from vegetation. Samples were taken of those 
soils at two different stages, first shortly after the ex­
periment was begun and again after about 2 months . At 
this time the influence of the treatments might be assumed 
to have reached a maximum. 
In the study of nitrate assimilation on these 
soils all tests were made by the tumbler method, 25 milli­
grams of nitrate nitrogen being added to all tumblers. 
In each test one set vms incubated with organi© matter and 
another without organic matter. Pour different periods of 
incubation were used. For the 3 day and one week periods 
one percent dextrose was used as a source of carbon; for 
the 2 weeks period one percent starch was usedj and for. 
the 4 weeks period one percent of cellulose acetate was 
used. Cellulose acetate was chosen for this work because 
it is a cellulose material that can be finely ground and 
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well mixed with the soil» 
The results of the several tests on each soil 
type are given in tables 9 to 14. 
The results of the studies on the Carrington 
loam are given in table 9. The first sampling, Bov. 28, 
was made shortly after the soils were potted. The nitrate 
content was moderately low and the addition of sodium 
nitrate to the pots caused an appreciable difference in 
the nitrate content of the soils. With both methods of 
measuring the nitrate assimilating power, there seemed 
to have been a tendency at this sampling for the additions 
of sodium nitrate to have increased the nitrate assimilat­
ing power. 
At the second sampling, Dec. 15, the nitrate 
content of all soils had appreciably increased. The straw 
applications in pot I-G had shown a slight depressing 
effect on the nitrate accumulation in that soil. At this 
sampling, using a one week incubation period, the higher 
nitrate addition also showed a sli^t tendency to increase 
the nitrate assimilating power. 
At the third sampling, using a 2 weeks incubation 
period, the soil Incubated without organic matter showed 
an actual increase in nitrate content over and above the 
25 milligrams added. This indicated that either the nitrate 
^-40-
TABLE 9 
NITRATE ASSIMILATION STUDIES ON CARR 
Mgm, NOs <• 
Pot treatment 
^ days Inoulaatlon 
NO3 - N. 
NO3 ; assimilated 
content: NOg + : IJOg 
: dex- : alone 
: trbse : 
goll sampled ^ov. aS 
week inc 
- J 
NO3 ; ass 
content: NO3 
: de? 
: trc 
Soli sample 
Check 
Soil + NaNOg 
Soil + NaNOg + straw 
2.75 8,65 1.70 
3.21 10.57 2.41 
3.70 10.15 3.05 
5.45 12. 
4.76 13. 
3.45 13. 
Soil sampled Jan. 35 Soil sample 
Check 
Soil + NaNOs 
Soil + NaN03 + straw 
6.45 9.90 0.20 
7.14 12.29 0.29 
6.76 10.56 2.81 
4.95 12. 
5.95 12. 
5.15 9. 

TABLE 9 
JDIES ON CARRINOTOH LOAM IN THE GREENHOUSE 
NOg; » W. per 100 gms. of dry soil 
1 week inculsation i 2 weeks incubation 
KO5 - K. 
4 weeks IncuDatlon 
NO3 - H. 1 NO3 - N. 
NO3 ; assimilated 
contenti NO3 + 
dex­
trose 
^63 
alone 
: t 
HO3 : 
content: 
Soil sampled Dec. l5 « Soil sampled Jan. 6 
assimilated 
in? 
:starch s alone 
^3 + 
NO3 : 
content: 
assimilated 
w + : HO3 
:cellulose:alone 
• '' Soil sampled Jan, 10 
3.45 12.91 6.15 
4.76 13.74 7.06 
3.45 13.40 4.45 
4.72 
5.00 
4.35 
13.67 
11.35 
12.10 
-1.23 
-2.80 
-1.25 
4.72 
5.88 
4.67 
2.22 
3.38 
2.47 
0.52 
1.68 
0.47 
Soil sampled Feb. 15 Soil sampled Feb. 4 r Soil sampled Jan. 31 
4.95 12.15 -0.75 
5.95 12.30 -1.65 
5.15 9.60 -1.75 
5.88 
7.36 
6.34 
11.68 
14.76 
11.04 
-2.47 
-3.89 
-2.96 
6.42 
6.94 
5.42 
2.52 
2.84 
1.82 
0.92 
1.24 
1.02 
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asslmilatlng power was greatly depressed or that the nitri­
fying power was greatly accelerated. At this sampling the 
soil with the highest nitrate content showed the lowest 
nitrate assimilating power. 
At the forirth sampling, using a 4 weeks incu­
bation period, the amount of nitrate assimilated was low 
for all soils. The low assimilation, when tested with the 
addition of organic matter, at this sampling indicated 
that cellulose acetate is a rather slowly available source 
of carbon for the nitrate assimilating organisms. 
m the later series of samplings the four incu­
bation periods with the same treatments were repeated. 
\Vhen tested v/ith the addition of organic matter, the results 
were similar to those secured in the first series of sampl­
ings. However, when tested without organic matter the 
nitrate assimilating power was lower with the 3 days, one 
week and 2 weeks Incubation periods., and about the same 
with the 4 weeks incubation period. The lower assimila­
tion was especially apparent with the one v/eek incubation 
period. The nitrate content of the soils at this sampling 
averaged considerably higher than at the first sampling. 
The results of the Shelby loam studies are given 
in table 10. These results are very similar at all the 
samplings to those secured with the Carrington loam. 
TABT.K 
NITRATE ASSIMILATION STUDIKS ON 
Pot treatment 
5 days incubation 
— ? iiliv . Ji. 
I NO3 ; assimilated 
c onteht: B63 + : HO3 
; dox- : alone t 
• troae r : 
i®r-7 
Mkb!, HQs -
1 week 
Soil sampled iiov 
HO3 : a 
content 
. r di 
; t 
Soli samp 
Check 
Soil + NaNOg 
Soil + NaHOg + straw 
4.16 10.81 1.86 3.92 1 
4.76 9.11 0.56 4.58 1 
4.87 9.40 2.12 3.85 1 
; Soli sampled Jan. t Soil samp 
Check 5.75 6.95 0,60 4,55 
Soil + HaN03 6.S5 7.45 2.00 5.38 
Soil + HaH03 + straw 4.97 7.213 1.12 4,63 

TAM 10 
3DIES ON SHELBY LOAM IK THB GRBSHROUSE 
L, HQS - per 100 pja3. of «ry soil 
1 week Inouto^tlon 2 weeks inouDatlon a 4 4 weeks Incutiatlon 
: S. 
I02S i asslBillated 
: - N, 
SOiifi : assliallatod 
• • 
« 
« 
- tJ. 
NO.-a^ : assimilated 
itent: Hflig + : ^63 
; dek- x alone 
: trose s 
content: N63 + : KO3 
:starch j alone 
• « 
* • 
tcontent J SO5 4 f KO3 
: scellulose:alone 
: : acetate : 
>il smhpied tieo. 15 Soli sampled Jan. 6 p • Soil 8t»wpl«»d Jan, 10 
5.92 13,12 6,22 
^58 10.33 6.68 
>.85 10,85 6,00 
4.00 10.18 -1.30 
5,00 1^,40 —1.25 
4,03 10.88 -1,87 
4.53 0,43 -1,78 
6.06 1,61 -0,44 
5,05 0.95 0,05 
>11 BEtxspled i3oll sainpled I%b. 4 : Soil sampled Jan, 31 
.55 9.05 -1.35 
>,38 8.83 -1,17 
.63 7.88 -0.68 
6.25 10.55 -1.25 
7.13 7.63 -0.77 
5,30 10.75 -1,35 
6,03 1,43 1.93 
6,62 2.62 1,87 
5.33 1.78 5.08 
• 
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The nitrate content in this soil was a little higher 
the first sampling, "but later it was not much different 
from that in the Carrington loam. 
The resTilts of the studies on the Carrington 
fine sandy loam are given in tahle 11. Although the nitrate 
content of this soil averaged a little lower than that of 
either the Carrington loam or the Shelby loam, there was 
not much difference exhibited in the nitrate assimilating 
poisrer. The chief difference was noted at the first sam­
pling with the 3 days incuhation period. At this time the 
nitrate assimilating pov/er was higher than with either of 
the other two soils-
The results of the studies on the Calhoun silt 
loam are given in table 12. Although the nitrate content 
was much lower in this soil than in any of the soils 
previously studied, the nitrate assimilating power was not 
markedly different. With the 3 days and the one week in­
cubation periods, the nitrate assimilating power was very 
similar to that of the Carrington fine sandy loam. With 
the two weeks incubation period, using starch in the test 
as a source of carbon, this soil showed a somewhat lower 
nitrate assimilating ppper than any of the other three 
soils studied. 
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TABLE n 
NITRATE ASSIMILATION STUDIES ON CARRINGTON PINE 
Pot treatment 
Mgm. NO.-s - N. per 100 
3 days incubation 1 week incubation 
: - M. 
NO.:^ : assimilated 
: NO3 - N. 
NO?; : assimilated 
content: ttOs + : NOg 
; dex- : alone 
: trose : 
content: ^ 03 + : NOj 
: dex- : aloi 
: trose : 
Soil sampled Nov, 28 Soil sampled Dec. IJ 
Check 4.20 12.46 5.95 3.21 11.56 5. J 
Soil + NaNOs 5.55 11.90 6.75 3.97 13.22 6.1 
Soil + HaNOs + straw 3.85 13.90 5.50 2.81 11.16 4.{ 
Soil sampled Jan. 25 ; Soil sampled Feb. I{ 
Check 
Soil + NaNOs 
Soil + NaNOg + straw 
4.76 
5.56 
4.90 
8.96 
7.06 
9.25 
2.71 
1.66 
2.25 
4.35 
4.72 
4.47 
11.50 
13.82 
15.17 
O.C 
0 . €  
-l.C 
i 
1 
I 
j 
i i 
( 
1 
] 
i 
i 
! 
I 
i 
i 
TABLE 11 
r CARRINGTOW FIHE SANDY LOAM IN THE GREENHOUSE 
NO?i - H. per 100 g;ins. of dry soil 
. week Incutatlon 2 weeks incubation 4 weeks incubation 
: NO3 - N. 
: assimilated 
: NO3 - N. 
NO3 : assimilated NO3 
: NO, - H. 
: assimilated 
;ent: NO3 + ; NO3 
i dex- : alone 
: trose : 
content: NO3 + : NO3 
;starch : alone 
• • • • 
content : NO3. + t NO 
:cellulose:aldfle 
: acetate : 
LI sampled. Dec, 16 Soil sampled Jan. 6 Soil sampled Jan. 10 
,21 11.56 5.51 
.97 13.82 6.32 
.81 11.16 4.56 
3.92 11.15 0.52 
4.67 12.02 -1.93 
3.87 13.35 -1.88 
4.51 
4.67 
4.31 
2.41 o0.64 
1.37 -1.18 
1.01 0.81 
LI sampled Feb. 15 : Soil sampled Peti. 4 Soil satnrlid Jan» 31 
.35 11.50 0.00 
.72 13.82 0.62 
.47 15.17 -1.03 
4.90 11.70 -2.20 
5.00 15.55 -0.60 
5.00 13.55 -1.65 
4.69 
5.38 
5.82 
2.19 2.04 
2.48 2.08 
3.02 1.07 
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TABLE 2^ 
NITRATE AS3IS1ILATI0H STUDIES ON CALHOUN S 
m« yoa - N, per"! 
& days incutoation 1 week incubi 
Pot treatment 
: HOr - H. 
: assimilated 
! T^Ox -
KO.-a; ; assimi: 
content: NO3 + : NO^j tcontentt KO3 + 
: dex- i alone t : dox-
: trose : : : trose ; 
Soil sampled l^ov. : Soil sampled D( 
Cheek 
Soil + HaHO, 
Soil + HaNOs •f straw 
0.50 10.49 5.50 
2.74 9.79 4.74 
3.30 11.85 4.95 
0.50 
2.55 
1.66 
11.05 
11.10 
11.01 
^oil sampled Jan. Soil aampled 
Check 
Soil + HaKOg 
Soil + HaB03 + straw 
1.89 
3.25 
2.22 
7.94 
8.90 
8.72 
2.39 
3.75 
5.17 
2.06 
3.09 
1.96 
11.21 
12.94 
11.21 
I ) 
t 
t 
I 
i 
! 
! 
I 
j 
I 
I 
1 
! 
i' 
I 
I 
TABLE 12 
)N CAT,IIOUN SM LOAM IS THE GREEMK0T7SE 
)a •» H> per l06 gms. of clry soIT 
L week Incubation 2 weeks incubation 4 weeks incubation 
I HO* - H. 
}5i; ; asslniilated 
: NO5 - ji. 
NO.-s t assimilated 
: :»03 - B. 
T\in.7 ; assimilated. 
ientr HO3 4. t 00^ :content; RO5 + : NO3 
: dex- : alone s tstardi t alone 
: trose : : : : 
content! 
roelltaloaejslone 
: acetate : 
LI saniplGd Deo. 15 ; Soil sampled Jan. 6 Soil sampled Jan, lo 
,50 11,05 
,55 11,10 
,66 11.01 
6.10 
7.55 
5.56 
1.33 
2.63 
1.56 
9.63 -1.47 
11.53 0.28 
8.71 -0.44 
1,84 
3.12 
2.30 
0.24 
0.62 
2.90 
0.89 
0.27 
1.00 
LI sampled f^eb. : ^oii sampled Feb. 4 t doil 8 axspled Jan • 3I 
.06 11.21 
.09 12.94 
,96 11.21 
2.01 
1.59 
1.26 
2.33 
3.78 
2.23 
4.43 -0.52 
6.78 -0.42 
8.43 1.03 
1.97 
3.45 
2.08 
3.27 
3.45 
2.83 
2.72 
2.15 
3.28 
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. 5!he resixlts secured on the Clinton silt loam 
are given in tahle 13. These results are very similar to 
those secured with the Garrington fine sandy loam, although 
the nitrate content averaged much lower. 
'She results of the studies on the 0*Heill loam 
are given in tahle 14. These results are also very similar 
to those secured with the Garrington fine sandy loom and 
the Clinton silt loam, and the nitrate content was inter­
mediate "between theia. 
A general summary of all six soils shows that 
the two soils vfith the highest nitrate content, the 
Garrington loam and the Shelhy loam, had the lowest 
nitrate assimilating power when tested with the 3 days 
incubation period ^^ithout organic matter. The soil with 
the lowest nitrate content, the Calhoun silt loam, had 
the hi^est nitrate assimilating power according to this 
method. 
Using the one week incu"bation period without 
organic matter in the test, all the soils showed the same 
high nitrate, assimilating power at the early sampling 
and a very low nitrate assimilating power under the same 
conditions at the later sampling. The Calhoun silt loam 
exhibited less difference in this respect than the other 
soils. 
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TABLE 13 
NITRATE ASSIMILATION STUDIES ON CLINTON 
Mgm. NO.-z, - N. per 
3 days inculDation 1 week incut) 
: NO3 - N. : KO3 
Pot treatment NO3 : assimilated NO3 : assimi 
content: NO3 + ; NO3 content: NO3 + 
: dex- : alone :• dex-
: troae : ; trose 
Soil sampled Nov. 28 Soil sampled D 
Che ck "1.25 9.00 4.95 1.49 14.60 
Soil + WaNOs 3.57 10.62 5.42 2.51 15.90 
Soil + NaNOg + straw 1.49 10.74 3.54 1.00 13.45 
Soil sampled Jan. 25 Soil sampled F 
Check 2.27 7.27 "2.27 2.27 13.07 
Soil + NaNOs 3.33 6.83 2.23 2.89 12.54 
Soil + NaNOg + straw 2.04 6.54 2.54 2.10 11.25 

BLE 13 
CLINTON SILT LOAM IN THE GREENHOUSE 
ek Incubation 2 weeks incubation 4 weeks Incubation 
: N03 - N. 
: assimilated 
NO3 - N. 
NO-z; : assimilated 
: NO3 - N. 
"NO3 : assimilated 
: NO3 + : NO5 
:• dex-' ; alone 
: trose : 
content: NO3 + : NO3 
:starch : alone 
• • • • 
content: NO5 + : NG3 
:cellulose:alone 
: acetate : 
ampled Dec. 15 Soil sampled Jan. 6 Soil sampled Jan. 10 
14.60 
15.90 
13.45 
5.79 
5.61 
5.20 
1.59 
2.84 
1.33 
12.69 
13.39 
12.43 
0.00 
0.94 
-1.27 
2.32 
3.27 
1.92 
0.72 
1.37 
0.62 
1.12 
-0.48 
-1.23 
ampled Fe"b. 15 ;'~5'oll sampled Feb. 4 : Soil sampled Jan. 31 
13.07 -0.23 2.74 14.14 -0.66 3.65 2.05 2.55 
12.54 1.29 3.17 11.72 0.17 2.83 1.00 1.53 
11.25 -0.80 2.47 13.37 -0.30 2.30 0.40 1.20 
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TABLE 1± 
NITRATE ASSIMILATION STUDIES ON O'NEILL LOA 
Pot treatment 
Check 
Soil + NaNOs 
Soil + NaNOg + straw 
Check 
Soil + NaKOs 
Soil + NaHOs + straw 
5 days Inomjatlon 
_ 2 NOs - N. 
HO3 : assimilated 
Mp:m. NO.:^  
content: HO3 + : HOg 
: dex- ; alone 
; trose : 
Soil sampled Nov» 28 
1 week incu 
N03 
-TO 
assim 
content: NO3 4 
; dex-
; trose 
Soil sample 
2.56 9.31 4.01 
4.50 11.75 5.70 
3.77 10.42 4.17 
2.88 12^.63 
12.88 
2.27 9.77 
3.38 
Soil sampled Jan. 25 ~:~S<Rnr'si^pl^ 
2.83 
4.81 
3.13 
7.33 
7.06 
6.23 
3.93 
2.91 
3.13 
2.63 
3.43 
2.87 
13.58 
13.82 
15.5*? 

TABLE 14 
ON O'NEILL LOAM IN THE GREENHOUSE 
Mriti. N0<^ - N. p©r IQO gma. of dry soil 
1 week Incubation 2 weeks incubation 4 weeks Incubation 
: NO3 - N. 
NO3 : assimilated 
N0_ - N. 
NOj^ : assimilated 
: NO3 - H. 
NO3 ; assimilated 
content: NO3 + : NO3 
; dex- : albne 
: trose : 
content: WO3 + r NO3 
:starch : alona 
• 0 ' ' 
• » 
content: NO3 + : NO3 
:cellulose:alone 
; acetate : 
^oil sampled Dec. 15 Soil sampled Jan. 6 Soil sampled Jan. 10 
2,88 12',63 4.83 
3.38 12.88 5.33 
2.27 9.77 4,02 
2,50 13,60 -0,25 
3.22 12.22 0.77 
2,44 13.09 0,44 
2.87 3.72 0,17 
3,45 3,85 0,55 
3,29 0,39 1,29 
S^i. "sampled Fdb. 15 : Soil sampled Feb. 4 Soil sampled Jan, 51 
2.53 13.58 -0.47 
3.43 13*83 -2.57 
2.87 15.57 -0.58 
3.15 9,30 -1,90 
3.85 9,45 -1.65 
3.23 12.03 3.83 
3,27 1.67 2.02 
3,95 3.95 2,25 
2.78 2.08 2,38 
• 
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The least variation in the nitrate assimilating 
power of the different soils was shown when determined 
at the 2 weeks incubation periods. Some small differences 
were shown with the 4 weeks incubation periods but they 
did not appear to be significant. 
Conclusions 
Prom these results it appeared that differences 
in the nitrate assimilating power of the soils studied, 
attributable to differences in soil type, were not very 
marked. Such small differences as were shown are difficult 
to correlate with the fertility of the soils* 
The nitrate assimilating power may be influenced 
by different soil treatments. 
The use of soluble organic matter in the test 
for the nitrate assimilating power seemed to have had a 
tendency to decrease any natural differences which occurred 
between soils. The use of a long incubation period in the 
test also .tended to mask natural differences. 
The most significant differences in the soils 
were secured with the 3 days and the one week incubation 
periods. 
IRiere was some evidence that when sodium nitrate 
was first added to the soil it increased the nitrate assimi­
lating power. It seemed evident also that after the soil 
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had been potted for some tima with a high nitrate content, 
the effect of this high nitrate content was to raarkedXy 
reduce the nitrate assimilating power. This was especially 
evident when the determination was made with the one week 
Incubation period. This tendency was shown by all soils i 
The differences in the nitrate assimilating power 
of the different soils were not correlated with the origin­
al nitrate content of the soils. 
In these soils there was no apparent detrimental 
effect on the nitrate content of the soil from straw 
applications at the rate of 2 tons per acre when this was 
accompanied by an application of sodium nitrate at the 
rate of 200 pounds per acre. 
T^ Relation of Hitrification to 
Mltrate Assimllat^ion. 
Dae to the close interrelation of these two bio­
logical processes, it is difficult to ascertain the exact 
correlation between them. An apparent depression in nitri­
fication may really b© a stimulation in ultimate assimi­
lation and vice versa. 
Historical 
Deherain (37) in 1898 recognized a relation be­
tween nitrification and nitrate assimilation. He studied 
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th© effect of one percent and 2 percent starch and one per­
cent strav on soils and found that the nitrates dis­
appeared. With starch the nitrate dlsappearsuice was rapid, 
and with straw it was slow at fii^t hut subsequently there 
was a stimulation in nitrification* 
Conn (30) in 1901 claimed that nitrates would 
not form in soils as long as there was lauch organic matter 
or ammonia present because the nitrate forming bacteria 
would not develop. More recent observations, however, have 
shown that Conn's theoiy was incorrect* The nitrates 
probably formed as usual but were quickly assimilated. 
Withers and Fraps (150) found that the highest nitrifying 
power correlated with the largest percent of humus and that 
3.2 percent barnyard manure stopped nitrification for 5 
weeks. In this case also nitrification was probably not 
stopped but only appeared to be• 
Coleman (28) studied nitrification in pure and 
mixed cultures. He secured a stinnilatlon in nitrification 
with very small additions of dextrose, cane sugar, glycerin 
and lactosei but larger amounts stopped all nitrification, 
Lipman and Brown (86) found that filter paper, dextrose or 
starch depressed ammonia formation, in soils. The more 
soluble the organic matter, the greater effect it produced. 
Ebbels (44) secured somewhat different results xvlth the use 
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of molasses as a fertilizer on stagar-cane soils of 
Maxiritius. This material, which contained 6 to 9 poTinds 
of nitrogen per 100 gallons, gave a marked increase in the 
nitrate content of the soil. He attrilmted the results to 
stimulated nitrogen fixation hy Azotohacter with subsequent 
nitrification. 
Conner (31) found that cultivation of soils in­
creased the rat© of nitrate production and probably caused 
a loss of nitrates. In this respect, however, Mokin (95) 
did not find sufficient increase in nitrate production in 
cultivated fallow soils to Justify the practice. 
Brown and Qo?/da (18) applied various materials 
to soils and fotmd that the nitrifying power was increased 
by manure, clover hay and sodium nitrate. The clover hay 
apparently increased the nitrifying power according to 
their methods of testing, yet did not increase the nitrate 
content of the soil. This was likely due to the fact that 
nitrate assimilation was also stimulated. The sodium 
nitrate probably stimulated nitrification but did not 
stimulate nitrate assimilation, thus causing an increase 
in the nitrate content. Gowda (55) found that 12 tons of 
manure per acre seemed to be the optixmim amount for pro­
ducing the maximum nitrifying power and the maximum pro­
duction or accumulation of nitrates in the soil. 
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Experlmentel 
In the studies conducted here, field soils were 
sampled and the nitrate assimilating power and nitrifying 
power were determined simultaneously to ascertain if any 
correlation existed "between the two processes. 
In all of the studies of this series, the method 
used for testing the nitrate assimilating power of the 
soils was to incubate 100 grams of soil plus 25 milligrams 
of nitrate nitrogen plus one percent of dextrose in 
tumblers for one week. The methods used for testing the 
nitrifying power are given above. 
Studies on Shelby Loam in the Greenhouse 
The soil which had been used for nitrate fertil­
ization studies on oats in the greenhouse was sampled at 
harvest time. Stixdies were made simultaneously of the 
nitrate content, the nitrate assimilating power and the 
nitrifying power. The results of these studies are given 
in table 15. 
At the time of aampling the nitrate content of 
the soil was very low under all treatments. The phosphate 
treated soils had the hi^est nitrate assimilating power, 
but the differences were too small to be of much signifi­
cance. Some small differences were apparent in the nitri­
fying power but no correlation could be detected with the 
TABLE 3^ 
NITROGEN TRANSFORMATION STUDIES ON SHELBY LOAM EXPERIMENTAL OATS SOILS ^  GREENHOUSE 
Sampled at Harvest Time. 
Treatment 
Mi^. N. : Mgm. N. nitrified 
NO3 ;assimilatedt per 100 gms« soil 
content:per 100 gms:' Soil:Soil - 30 mgm.. 
:soil-i5- :alone;NH3-N « 210 
;mgm« CaCO.'^ 
1 Untreated 5 ,56 0 .30 10 .49 1 .13 14 .85 
2 100 lbs. nitrate at planting time 5 .82 0 .42 9 .52 1 .31 14 .53 
3 100 Iba. nitrate at heading time 5 .93 0 .29 10 .91 1 .03 15 .61 
4 100 lbs. nitrate at milk stage 5 .90 0 .27 10 .57 1 .08 14 .88 
5 200 lbs, nitrate at planting time 6 .03 0 .26 9 .74 1 .09 17 .84 
6 200 lbs. nitrate at heading time 5 .80 0 .30 11 .32 0 .88 15 .85 
7 200 lbs. nitrate at milk stage 5 .86 0 .28 9 .20 1 .16 17 .92 
8 200 lbs. nitrate plus 120 lbs. 
superphosphate at planting time 5 .88 0 .23 12 .65 1 .12 16 .42 
9 120 lbs. phosphate at planting time 
plus 200 lbs. nitrate at milk stage 5 .78 0 .23 . 11 
H
 
CO 
•
 0 .60 15 .17 
10 50 lbs. nitrate at planting time 
plus 50 lbs. at heading time 5 .48 0 .21 10 .94 1 .14 16 .44 
11 50 lbs. nitrate at planting time 
plus 50 lbs. at milk stage 5 
CO 
0 .32 10 .82 0 .64 12 .48 
12 50 lbs. nitrate at plating time 
plus 100 lbs. at heading time 
plus 50 lbs. at milk stage 6 
0
 
H. 
•
 0 .33 10 
H
 
10 .
 
0 .83 12 .82 
13 100 lbs. nitrate at planting time 
plus 100 lbs. at heading time 5 .82 0 .44 9 .82 1 •
 
H
 
to
 
15 .16 
14 100 lbs. nitrate at planting time 
plus 100 lbs. at milk stage 5 .93 0 .42 11 .27 0 .83 12 .93 
I 
cn 
I 
100 gms, soil treated with 25 mgm. NOg-N - 1 percent dextrose 1 week incubation. 
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soil treatments, nitrate content of nitrate assimilating 
power* 
Studies on Soils from Eaqaerimental 
V/heat Fields/ 
The soils of plots 1 and 4 of the experJUnental 
wheat fields were sampled on Jvine 6, Tests were made of 
the nitrate assimilating power and the nitrifying power. 
The results of these studies are given in table 16. The 
soditon nitrate which had been added did not affect the 
nitrate content of the soil at the time of sampling. Both 
of the untreated soils had a higher nitrate assimilating 
power than the treated soils. The Tama silt loam had a 
sligjitly higher nitrate assimilating power and a slightly 
higher nitrifying power than the Shelby loam. 
Studies on Soils from Experimental 
Oat Field. 
The soils of some of the plots of the nitrate 
fertilizer ei^eriment with oats on Carrington loam were 
sampled on June 17, ®xe results of the studies on these 
soils are reported in table IV. 
The nitrate content of the soil from plot 5 was 
higher than that of any of the others. However, this did 
not appear to affect the nitrate assimilating power. The 
nitrifying power of this soil was the lowest, which may 
TABLE 
NITROGEN TRANSFORMATION STUDIES ON SOILS FROM 
EXPERIMENTAL WHEAT FIELDS 
Soils Sampled on JYine 6, 1929. 
Plot Treatment 
• 
: pH 
NOg ! Mgra. NO-: 
content: as simila^ 
pN.: Mgm. N. nitrified 
;ed ; per 100 gms. soil 
Ho. • 4 
• 
« 
• 
• 
;per 100 gms.: Soil 
;soil* :alone 
: : 
Soil - 50 mgm. 
NHg-W - 210 
mgm. OaCO.^ 
SHEI.BY LOAM 
1 
4 
Untreated 
200 Its. nitrate 
planting time 
at 
5.50 
5.50 
0.65 11,12 
0.42 9.82 
1.13 
1.01 
10.05 
9.38 
TAMA SILT LOAM 
1 
4 
Untreated 
200 lbs. nitrate 
planting time 
at 
5.59 
5.42 
0.44 12.11 
0.55 11.45 
0.97 
1.41 
12.66 
12.50 
* 100 gms. soil treated with 25 mgm. NO3-N - 1 percent dextrose 1 week 
Incubation. 
TABLE 22 
NITROGEN TRANSFORMATION STUDIES ON CARRINGTON LOAM 
SOILS FROM EXPBRimTAL OAT FIELD 
Soila Sampled on Jme 17, 1929. 
;:•Mgm. N. ; Mgm. N. nitrified 
NOg {assimilated; per 100 gms. soil 
content:per 100 gms: Soil : Soil150 rngm. 
:soil-;;- : alone ; NHg-li - 210 
: : ; mgm. CaCOa 
Plot 
No. 
Treatment 
1 Untreated 5.78 0.50 
2 100 lbs. nitrate at 
planting time 5.94 0.46 
5 200 lbs. nitrate at 
planting time 5.44 2.47 
8 200 lbs. nitrate plus 180 
lbs. superphosphate at 
planting time 
10 50 lbs. nitrate at 
planting ti»ie 5.86 0.56 
15 Untreated 5.86 0.46 
6,01 0.57 
12.35 
12.71 
12.34 
11.82 
10,61 
11.16 
1,16 
1*02 
0.98 
1.00 
0.85 
0.96 
13.15 
12.00 
9.73 
13.68 
13.54 
13.04 
r 
oi 
I 
100 gms. soil treated with 25 mgm. NO3-" 
1 week incubation. 
- 1 percent dextroae 
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or may not have been due to the high nitrate content. In 
this study there was no correlation between the nitrate 
asaimilating power and the nitrifying power of the soils# 
Stodiea on Soils^froia Szpertoental 
Com Fields on Minor Soil Types. 
The first ssmpliaag of these soils was made at 
planting time Just prior to the applications of the fer­
tilizers. Only the untreated soil from each field was 
sampled. The results of the studies on these soils are 
given in table 18. 
The average amoiint of nitrates assimilated in the 
test was 16.38 milligrams per 100 grams of soil. The aver­
age nitrate content was 1.24 milligrams. There was no 
apparent correlation between the nitrate content of these 
soils and the nitrate assimilating power, ©le average 
amount of nitrogen nitrified by the soil alone was 1.82 
milligrams per 100 grams of soil. In most cases, when 
tested with the soil alone, a low nitrate content of the 
soils seemed to be correlated with a high nitrifying power. 
When tested with ammonium sulfate, 15.48 milligrams was 
the average amount of nitrogen nitrified. 
There was some evidence that the nitrate assimi­
lating power of the soils correlated with the nitrifying 
power when ammonium sulfate was used in the nitrification 
TABLE I B  
HITROGEN TRivNSFORMATION STUDIES ON SOILS 
FROM EXPERIMENTAL CORN FIELDS 
Soils Sampled about May 10* 1929* 
: T .:Mgm. N. iMgm. N* nitrified 
: pH : NO3 ;a3similated ;per 100 ^ 3, soil 
: :content:per loO gina.: SoiljSoil - 30 rngm. 
:soll-)!- ;alone rl^Hs-N - 210 
• I s I ;mgm. CaCO.'a; 
I O'Neill loam 6.60 1.48 15.03 2.00 25.82 
II O'Neill loam 5.34 1.43 14.53 1.32 13.32 
III Pierce fine sandy loam 5.60 2.38 16.38 0.95 20.82 
IV Clarion loam 4.92 2.17 14.99 1.70 13.48 
V Carrington fine sandy loam 4.67 1.66 16.43 1.17 18.19 
VI Waukesha loam 4.67 0.50 15.00 2.06 13.70 
VII Lindley silt loam 4.6S 1.15 18.35 2.53 16.06 
VIII Clinton silt loam 5.58 0.54 12.21 2.40 18.00 
IX Carrington sandy loam 4.20 0.78 18.64 1.60 16.62 
X Carrington sandy loam 4.72 0.57 14.19 2.56 11.47 
XI Calhoun silt loam 5.08 trace 14.40 2.00 10.00 
XII Marion silt loam 5.65 1.31 19.19 1.36 12.60 
XIII Clinton silt loam 5.43 1.74 17.65 1.29 13.70 
XIV Clinton silt loam 5.14 1.14 18.99 1.74 15.91 
XV Clinton silt loam 5.28 2.50 17.75 2.22 17.30 
XVI Shelby loam 4.67 0.48 18,81 2.26 10.62 
Field 
No. 
Soil Type 
r<- 100 gms. soil treated with 25 ragm. no3-N - 1 percent dextrose 
1 week incubation. 
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test. The soils from fields III, V, VII, IX, XII, XIII, 
XI7, XV and XVI iiad a nitrate assimilatijig power above the 
average and 5 of these had a nitrifying power above the 
average. l?he soils from fields I, H, IV, VI, VIII, X and 
XI had a nitrate assimilating power below the average and 
5 of these had a nitrifying power below the average. 
The soils from plots 1, 3 and 4 of some of those 
fields were next sampled at the time the com was harvested. 
The results of the studies on the soil from the Fo. 1 plots 
are given in table 19. These plots wei^ treated with 100 
poimds per acre of soditaa nitrate at planting time* 
"Elie nitrate assimilating power and the nitrifying 
power were higher than at the earlier sampling» There was 
some evidence, at this sampling also, of a correlation be­
tween the highest nitrate assimilating power ani the high­
est nitrifying power. The soils of fields I and XII had 
a nitrate assimilating power and a nitrifying power above 
the average; and the soils from fields IV> XI and XV had 
a nitrate assimilating power and a nitrifying power below 
the average. 
The results of the studies on the Ho. 3 plots on 
these fields are given in table 20. These soils had a 
late application of sodium nitrate at the rate of 100 
pounds per acre. 
TABLE 1 9  
NITROGEN TRANSFORMATION STUDIES ^  SOILS PROM EXPERIMENTAL COM FIELDS 
(plots treated with 100 lbs. pei» acre 
of sodiiun nitrate at planting time.) 
Soils Sampled about Oct* 20, 1929*^;-
: ' ; ; ; Mgra. N. : Sl^gin. N . nitj'ified 
Field : Soil Type : pH : NOg '.agaiwilated; per 100 gms. 
Ho, : : :content ;p6r 100 gms; Soil : Soil - SO mgm. 
: : ; ;soil-rHS- : alone ; HHg-N - 210 
; t ; I : mgm. CaCOr^ 
I O'Neill loam 6.60 0.31 16.97 2.28 26.19 
III Pierce fine sandy loam 6.04 0.93 15.31 2.33 23.57 
IV Clarion loam 6.13 0,76 15.44 2.25 18.64 
V Carrington fine sandy 
loam 6.26 0.42 15.32 1.96 21.68 
XI Calhoun silt loam 5.14 0.40 11.77 2.58 16.00 
XII Marion silt loam 6.24 1.00 16.98 1,72 20.65 
XV Clinton silt loam 5.71 0.45 15.45 1.91 18.05 
XVI Shelby loam 5.67 6.60 18.78 1.17 16.70 
* Soils from plot No. 1 
•jh;- 100 gms. soil treated with 25 mgm, NO3-N - 1 percent dextrose 
1 week incubation period. 
TABLE 20 
tllTROGEM TRANSP01B1ATI0H STUDIES ON SOILS FROM EXPERIMEI^TAL CORN FIELDS 
(plots treated with 100 lbs. per acre 
of soditun nitrate about July 1.) 
Soils Sampled about Pot. 20> 1929.-3;-
i : Migm, N. nitrified 
Field : Soil Type ; pH : HO3 :assimilated; per 100 gms. soil 
^io. : : :content;per 100 gms; Soil : J^oil - 30 mgm. 
• : : tsoil^-K- ; alone ; liHjj-N - 210 
• ; : t ; mgm. OaCO?; 
I O'Keill loam 6.77 0.45 17.11 2.69 25.35 
III Pierce fine sandy loam 6.39 0.54 15.60 2.17 23.71 
IV Clarion loam 6.15 1.04 16.04 2.14 19.61 
V Garrington fine sandy 
23.48 loam 6.31 0.42 15.22 1.65 
XI Calhoun silt loam 5.40 0.57 11.31 2.59 9.78 
XII Marion silt loam 6.11 0.94 13.13 1.66 16.32 
XV Clinton silt loam 6.77 0.48 14.00 1.65 16.57 
XVI Shelby loam 5.42 5.45 15.40 4.96 17.45 
-K- Soils from plot Wo. 3 
*4^ 100 gms. soil treated with 25 mgm. NOs-K - 1 percent dextrose 
1 week incubation period. 
-G3-
As witii tlie soils of the No. 1 plots, the major­
ity of these soils which had a nitrate assimilating power 
ahove the average also had a nitrifying power ahove the 
average. 
The results of the studies on the soils of the 
No. 4 plots (Check plots) are given in table 21. In these 
soils as in those from the Hos. 1 and 3 plots, those with 
the highest nitrate assimilating power also had the highest 
nitrifying power, 
J\nother fact observed in these studies was that 
the Calhoun silt loam had the lowest nitrifying power of 
any of the soils studied, both at the early sampling and 
at the October samplings. With the exception of one case 
this soil also had the lowest nitrate assimilating power 
of any of the soils studied. 
It appears from these results that a high and 
low nitrate assimilating power in these field soils may be 
correlated with a high and low nitrifying power respective­
ly. There is some evidence that the soil type may be a 
factor in determining the niti^ate assimilating power but 
a definite conclusion is not warranted. 
Hitrification Studies on Soils from Experimental 
Corn Plots on Carrington Loam. 
At the time that samples were collected from 
TABLE 21 
NITROQEM TRANSFORMATION STUDIES ON SOILS PROM EXPERIMENTAL C(^N PIELDS 
(Untreated plots.) 
Soils Sampled about Oot« 80, 1929. -:s-
I ! r Mgm. N. J Mgm, N. nlti-ified 
Field ; Soil Type ; pH : NO3 ;asaimilated: per ICQ gms. soil 
No. ; ! ;content:per 100 gms: Soil : Soil_-. 30 mgm. 
; : : rsoil-sH:- ; alone : NHg-N - 210 
: ; t t : : mgm. CaCO?; 
I O'Neill loam 6.60 0.81 16.37 8.28 25.24 
III Pierce fine sandy loam 6.13 0.40 14.15 2.26 20.95 
IV Clarion 6.17 0.48 14.28 2.36 16.87 
V Carrington fine sandy 
15.44 loam mm 0.44 1.75 20.41 
XI Calhoun silt loam 5.26 0.55 11.82 2.43 9.85 
XII Marlon silt loam 5.94 1.36 9.63 3.25 17.15 
XV Clinton silt loam 5.77 0.27 14.05 1.71 18.70 
XVI Shelby loam 5.47 4.76 17.36 0.92 16.34 
•K- Soils from plot No. 4 
•JHf 100 gms. soil treated with 25 mgm. NO3-N - 1 percent dextrose 
1 week incubation period. 
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somo of tlie plots of tlie experimental com field on 
Garrington loam for studies on the nitrate assimilating 
power, studios v/ere also made of the nitrifying power of 
the soil. The results secured at the first sampling are 
given in table 22, With the exception of the soil from 
plot 12, which Yras on the spring plowed area, there was very 
little difference in the nitrifying power. 
The results of the studies at the second sampling 
are given in table 23. At this sanipling there was some 
evidence that the sodium nitrate treatments on plots 9, 
13 and 15 had increased the nitrifying power of the soil. 
Possibly this difference was due to these plots being on 
spring plowing. 
The results of the studies at the third sanqpling 
are given in table 24, At this sampling also tiie soils 
from the spring plowed area had the highest nitrifying 
power. Whether this was due to the spring plowing or to 
the applications of sodium nitrate could not be determined. 
The nitrate assimilating power of these same 
soils was foxind to have also averaged higher in the soils 
from the spring plowed area than in the fall plowed area. 
This also suggests a correlation between high nitrate 
assimilating power and high nitrifying power. 
The next sampling was made on July 17. The 
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TABLB 22 
NITRIFICATION STUDIES ON CARRINGTON LOAM 
Soils Ssmplefl May 25, 1929. 
nitrified 
;per ICQ gms.soil 
Plot : Treatment s s soil <f 30 
No. • :30il : mgm.NHg-N. 
• 
* : alone; • 210 mgm. 
• 
• • 
• • C&CO^ 
lA Untreated 1.43 15.06 
2A ^'arm manure 8 tons per acre 1.49 14.32 
3A Corn stalks treated v;ith Adco 8 T. 1.46 13.59 
4A Oats stravr troated v/ith. Adco 8 T« lo3S 16^23 
5A Oats stray/ well rotted 8 T. 1.47 16.34 
6A Untreated 1.52 15.66 
7 Dry corn stalks 2 T. 1.56 15.03 
8 Dry oats straw 2 T. 1.31 15.75 
12 Untreated 1.33 19.70 
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TABLE 23 
UITRIFICAyiOH STUDIES ON CARRIMGTON LOAIJ 
SrOils Sampled June 10, 1929, 
'~l  ^ tMgm.N. nitrified 
; tper 100 ^ s«soil 
Plot : Treatment ;so£l + 30 
Ho, : :soil jmgm.KHg-H, 
; ;alone;+ 210 mgm. 
: i : CaCOs 
2A Farm manure 8 tons per acre 1.25 13,68 
3A Com stalks treated with Adco 8 T. 1.81 11,96 
4A Oats straw treated v/ith Adeo 8 T. 1.73 14.56 
5A Oats straw well roti er 1.55 15,85 
6A Untreated 1.44 13.85 
7 Dry corn stalks 2 T» 1.42 16.13 
8 Dry oats straw 2 T. 1.67 15.09 
9 100 lbs. WaHOs at planting time 1.81 18.28 
10 100 lbs. HalSOs hill application 
at planting time 1.83 15,68 
12 Untreated 1.67 15,36 
13 200 lbs. HaHOs at planting time 1.97 20,17 
15 100 lbs. NaKOs at planting time 1.12 17,47 
16 50 lbs. HaHOg at planting time 1.13 16,48 
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TA3LE ^  
NITRIFICATION STUDIES ON CARRINGTON LOAM 
Soils Sampled June 24, 1929. 
Plot 
Ho. 
Treatment 
Mgm.H. Nitrified 
per 100 gms.soil 
:soil + '66 
soil tmgm.NHg-N. 
alone:* 210 mgm. 
; CaCOs 
2A Farm manure 8 tons per acre 2.08 16.23 
3A Corn stalks treated with Adco 8 T. 1.72 15.29 
4A Oats straw treated -with Adco 8 T* 1.55 14.97 
5A Oats straw well rotted 6 T. 1.49 16.81 
6A TJnti»eated 1.00 14.59 
7 Dry corn stalks 2 T» 0.79 12.31 
8 Dry oats straw 2 T* 1.04 17.00 
9 100 lbs. NaHOs at planting time 1.22 21.02 
10 100 lbs. KaN05 hill application 
at planting time 1.48 20.46 
12 Untreated 1.32 18.77 
13 200 lbs. HaSOs at planting time 1.47 17.30 
15 100 lbs. HaUOs at planting time 1.41 18.36 
16 50 lbs. NaUOg at planting time 1.60 18.27 
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results of this study are given in table 25. At this sampl­
ing there were some snail Trariations in the nitrifying 
power but they did not seem to be of any significance. Ho 
comparison can be made with the nitrate assimilating power 
at this sampling. 
The last sampling of these soils was made on 
ATigust 22. The results secured at this sangling are given 
in table 26. As x'/ith the previous treatment, there were 
some variations in the nitrifying power but no correlation 
was evident with either the soil treatment or with the 
nitrate assimilating power. 
The results of the studies on Nitrification in 
the soils of the Carrington loam experimental corn field 
are summarized in table 27. The nitrifying power was 
slightly hi^er, by both methods of testing^ at the later 
samplings than at the earlier samplings. 
Conclusions 
Xn the studies on the Shelby loam in the green­
house there were not sufficient differences either in the 
nitrate assimilating power or in the nitrifying power of 
the differently treated soils to justify drawing definite 
conclusions regarding a relation between the two processes. 
The soil treatments had apparently not influenced these 
biological actions to any extent. 
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TABLE ^ 
NITRIFICATION STUDIES OT CARRIHGTON LOAM 
Soils Sampled July 17, 1929« 
Ssgm.K. imrlfied. 
per 100 gms.soil 
Plot Treatment • • sail * 30 
No. soil : 
alone: 
• 
« 
mgm.nhg-N. 
+ 210 mgra. 
OaCOs 
2A Farm maniir© 8 tons per acre 2.11 21.59 
2B 2a 100 lbs# nanog July s 1.81 17.20 
3A Corn stalks treated with Adco 8 T. 2.60 21.90 
3B . 3A + 100 Ihs. KaUO^ Jiily 3 2.35 16.30 
4A Oats straw treated with Adco 8 T. 1.48 16.79 
4B 4A + 100 lbs, NairOs July 3 1.62 19,12 
5A Oats straw v/ell rotted 8 T. 1.75 21,24 
5B 5A 100 lbs. NaHOs July 3 2.11 18.70 
6A Untre ated 1.82 20.04 
6B 100 lbs. NaH03 July 3 1.61 20.44 
7 Dry corn stalks 2 T. + 100 lbs. 
KaNOs July 5 1.85 19.39 
8 Dry oats straw 2 T* + 100 lbs. 
HaUOs July 3 1.61 19.01 
9 100 lbs. MaNOs at planting time 1.25 22,11 
10 100 lbs. NaNOo hill application 
at planting time 1.21 18,96 
11 100 lbs. NaNOs July 3 1.56 23,44 
12 Untreated 1,93 20,94 
13 200 lbs. NaNC^ at planting time 1,20 20,83 
14 200 lbs. KaNO^ July 3 0,28 19,05 
15 100 lbs. NaHOs at olantinp- time + 
100 lbs. July 3 1.33 19,86 
IS CO lbs. NaUOs at plenting time + 
50 ibs. July 3 1.53 22,88 
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TABLE ^  
NITRIFICATION STUDIES ON CARRINGTOK LOAM 
Soils Sampled A"agust 2a, 1929» 
nitrified 
tpor 100 gms»soll 
Plot s Treatment .« « « • soil + 30 
No. • :soil : mgra.NHg-N. 
m 
• :alone: + 210 mgm. 
• 
• 
• • 
• , • •• CaCOr, 
2A Farm maniire 8 tons per acre 2.00 2^^.77 
2B 2A 100 lbs. NaNOs July 3 2.10 18.65 
3A Corn stalks treated v;itli Adco 8 T* 2.91 23.79 
3B 3A + 100 lbs. HaHOs July 3 1.80 20.44 
4A Oats straw treated with Adco 8 T. 1.74 18.01 
4B 4A 100 lbs. NaNOs July 3 1.92 14,53 
5A Oats straw well rotted 8 T. 1.90 19.74 
5B 5A + 100 lbs. HaHOg July 3 2.14 15,84 
6A Untreated 1.75 18.57 
6B 100 lbs. MOs July 3 1.79 18.86 
7 Dry corn stalks 2 T» + 100 lbs. 
NaHOs July 3 1.75 19,95 
3 Dry oats straw 2 T. + 100 Ibn. 
NaNOs July 3 l.BS 18.40 
11 100 lbs, NaHOs July 5 1.88 24.75 
12 Untre ated 1.84 22.37 
14 200 lbs. KaNOs July 3 1.58 24.45 
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TABLE ^  
SUmiARY OP NITRIFICATION STUDIES m CARRIHGTOH D 
, of soil - 4 wee 
soil » 80 mgm, H 
May «^5: June lO; J 
Plot 
Ho. 
. nitrogen nitrified per 100 gms,
Series A :: 
soil alone 
"May 25; June 101 June 24; July 
2A 
SB 
3A 
. 3B 
4A 
4B 
5A 
5B 
6A 
6B 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1.49 1.25 2.08 2.11 
wmmm^rn 1.81 
1.46 1.81 1.72 2.50 
tm 2.35 
1*33 1.73 1.55 1.48 
•••••  1.62 
1.47 1.35 1.49 1.75 
2.11 
1.52 1.44 1.00 1.82 
«•«•«»«• 1.61 
1.56 1.42 0.79 1.85 
1.31 1.67 1.04 1.61 
1.81 1.22 1.25 
1.83 1.48 1.21 
«»«»•»«» •  -  — «  1.56 
1.33 1.67 1.32 1.93 
1.97 1.47 1.20 
0.28 
mmrnmtm 1.12 1.41 1.33 
1.13 1.60 1.53 
2.00 14.32 13.68 
2.10 
2.91 13.59 11.96 
1.80 . 
1.74 16.23 14.36 
1.92 «»«•«» Ml 
1.90 16.34 15.85 
2.14 
1.75 15.66 13.85 
1.79 
1.75 15.03 16.13 
1.88 15.75 15.09 
1.88 
1.84 
1.58 
19.70 
18.28 
15.68 
15.36 
20.17 
17.47 
16.48 

table ^  
Irtpication studies oh carrihgtoh loam 
3 
>lfied Der 100 mB. of soil - 4 weeks incudation 
L : 
i i 
: Series B 
t soil + 30 Hifua. NHa-H. * 210 mppn. CaOOS 
July IViAug, JiiSj ; May 25: June 10: June ii4:Juiy 17:Aug. 2^ 
2.11 2.00 14.32 13.68 16.23 21.59 22.77 
1.81 2.10 M M a» mm 17.20 18.65 
2.50 2.91 13.59 11.96 15.29 21,90 23; 79 
2.35 1.80 .... 16.30 20.44 
1.48 1.74 16.23 14.36 14.97 16.79 18.01 
1.62 . 1.92 19.12 14.53 
1.75 1.90 16.34 15.85 16.81 21.24 19; 74 
2.11 8.14 mm 4^ MR mum «• «M M IM 18 "70 15.84 
1.82 1.75 15.66 13.85 14.59 20.04 18.57 
1.61 1.79 .... 20.44 18.86 
1.85 1.75 15.03 16.13 12.31 19.39 19.95 
1.61 1.88 15.75 15.09 17.00 19.01 18.40 
1.25 «p Mi «t 18.28 21.02 22.11 .... 
1.21 ««»•*«* 15.68 20.46 18.96 .1.. 
1.56 1.88 4P»« MM M -—- 23.44 24.75 
1.93 1.84 19.70 15.36 18.77 20.94 22.37 
1.20 «•«»«»«« 20.17 17.30 20.83 
0.28 1.58 «••• mm 19.05 24.45 
1.33 17.47 18.36 19.86 
1.53 .... 16.48 18.27 22.88 

-73-
Likewise in the studies on the Carrlngton loam 
experimental oat field soils, there were no differences 
in the biological activities that could be attributed to 
differences in soil treatmentj and there was no apparent 
correlation between the nitrate assimilating power and the 
nitrifying power of the soils. 
In the studies on the soils from the experimental 
wheat fields, both the nitrate assiiailatlng power and the 
nitrifying power were found to be higher in the Tama silt 
loam than in the Shelby loam/ As the Tama silt loam field 
was not harvested no comparisons could be made with the 
yields. 
In the studies on the soils from the experimental 
corn fields on minor soil types at each of the four sampl-
ii^gs^ ©©rtain soils were found to be higher than others In 
the nitrate assimilating power ani also in the nitrifying 
power. A low nitrate assimilating power seemed to corre­
late with a low nitrifying power and a hi^ nitrate assim­
ilating power seemed to correlate with a high nitrifying 
power. The differences noted seemed to be mere a function 
of the soil type than of the soil treatment. At each of 
the samplings the Calhoun silt loam showed the lowest bio­
logical activity of all the soils studied. 
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In the studies on the soils from the experi­
mental corn field on Carrington loam at the earlier sampl­
ings, both the nitrate assimilating power and the nitri­
fying power were found to be higher in the spring plowed 
area than in the fall plowed area. 
It appears from these results that where tiie 
conditions in the soil are favorable for a high nitrifying 
power, they may also be favorable for a high nitrate assim­
ilating power. Also in a soil where the nitrate content 
is low due to additions of organic materials, it should 
not necessarily be inferred that the nitrifying power is 
depressed. A high nitrifying power might be masked if it 
were accompanied by a hi^ nitrate assimilating power. 
^e Relation of the Hitrate Content of 
the Soil to Mltrate Assimilation. 
Previous investigators have found that the 
nitrate content of the soil has some influence on ammoni-
fication and nitrification. Since nitrate nitrogen is a 
food for certain microorganisms, the amount present in the 
soil is very probably correlated with the activities of 
the nitrate assimilating organisms. 
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Hlatorlcal 
Coleman (27) curled on extensive studies on the 
processes of nitrogen transformations in soils. His re­
sults agreed in general with those of other investigators 
who found that nitrates added in limited amounts to the 
soil sfcimulated the nitrification of certain organic or 
ammonia nitrogen materials. He concluded that under cer­
tain conditions this stimulation might not he apparent, 
particularly if the nitrate assimilators were also stim­
ulated. In his work excessive amounts of nitrates were 
found to depress nitrification. 
Murray (97) applied varying amounts of nitrates 
up to 50 milligrams per 100 grams of soil with different 
additions of straw and found an assimilation of the 
nitrates, which in all eases v/as more or less proportional 
to the amount of straw added. 
Collison and Conn (29) and many others have 
noted that if nitrates were added to a soil with straw 
there was no apparent effect of the straw on the succeeding 
crop* 
tJreaves (57) tested the effect of applications 
of nitrates to soils on bacterial activities, especially 
on ammonia production. He found that in amounts not to 
exceed 5.5 milligrams per 100 grams of soil, the nitrate 
-7e-
additions proved stiimilative; above that amount they were 
toxic. 
Brown and Gowda (18) also secured increased nitri­
fication in soils with additions of soditon nitrate. Waks-
man (139) found that when the nitrifying power of the soil 
was measured by the method of incubating the soil alone, 
additions of sodium nitrate increased the nitrifying power. 
In such results, however, it is difficult to determine 
whether the nitrifying power was atiimilated or whether 
the nitrate assimilating power was depressed, inasmuch as 
the same final result would be secured in each case* 
In any study of the effect of the nitrate content 
of the soil on biological processes, it should be borne in 
mind that errors may occur in sampling which may lead to 
erroneous conclusions. Karraker (73) ezz^hasized the impor­
tance of careful sampling in studies on soil nitrates. He 
found very large differences in the nitrate content of soil 
samples taken short distances apart. These differences 
were often as great as 100 percent in samples taken only a 
few feet apart, Purtherraore,they were just as apt to occur 
In samples taken short distances apart as in those taken 
at greater distances and were not particularly correlated 
with the cultivation of the soil. 
-7-7-
Expe r Ime nt al 
In all cases v/here the greenhouse or field soils 
•vyere sampled for purposes of testing the nitrate assimi­
lating or the nitrifying power, determinations v/ere also 
made of the nitrate content, A determination of whether 
or not the nitrate content of the soil affected the biolog­
ical activities sufficiently to influence the nitrate as­
similating power seemed desirable. In most eases no cor­
relation could he noted* In table 17 there was no appre­
ciable difference shown between the nitrate assimilating 
power of the soil in plot 5 and that of the other soils, 
although the soil in plot 5 had a relatively high nitrate 
content. In table 18 the various soils tested showed a 
variation in nitrate content from a trace in the Calhoun 
silt loam to 2,17 milligrams per 100 grams of soil in the 
Clarion loam, yet the nitrate assimilating power was almost 
identical in the various soils. 
The results of the determinations of the nitrate 
content of the experimental corn soils on the field of 
Carrington loam are given in table 28. A comparison of 
these data with those from the nitrate assimilation studies 
on these same soils, which are summarized in table 8, does 
not indicate that there is any relation between the nitrate 
content and the nitrate assimilating power in the 
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TAi^ 
nitrate production in soils from experimental corn plots on cj 
Plot : Mgm. nitrate nltroftien per loO gms. of soi; 
No. t May 11; May 18: May 26; June Sttfune iQtJime IV; June Hi: July 
lA 
2A 
2B 
SA 
5B 
4A 
4B 
5A 
SB 
6A 
6B 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1.00 0.65 0.74 
1.00 0.43 0.78 
tm 
0.95 0.51 
MM •» 4M» 
0.71 
0.66 0.50 0.67 
Ml M 
0.91 0.51 0.61 
0.29 0.67 0.59 
0.25 0.72 
M «• 
0.57 
0.25 0.95 0.85 
0.43 
«« «• «li» 
1.00 
0.43 1.00 0.70 
mm 
1.52 2.04 0.98 1.73 2.8J 
1.76 1.92 1.03 1.92 3.0( 
1.44 1.54 0.87 1.61 2.35 
1.81 1.51 0.75 1.43 2.7i 
1.33 1.25 0.84 1.39 2.0S 
1.57 1.75 1.12 1.96 2.0' 
1.47 1.72 
«P M •» «» 
1.40 1.59 1.6* 
1.43 1.56 1.60 1.52 2.31 
2.27 3.12 2.99 2.78 2.7' 
1.92 2.17 2.10 2.04 1.6; 
2.06 1.89 1.95 
41* «• «* 
2.08 1.5: 
5.00 3.03 2.58 2.70 3.5' 
«•«•«»«• 
4.45 3.33 3.39 2.04 1.9i 
1.92 2.32 2.10 2.13 2.3J 
j 
i 
i 
I 
( 
I 
i 
I 
i 
i 
i 
j 
j ! 
i 
i 
] 
I 
I 
i ( 
I 
i 
I 
i 
ital corn plots on carrington loam 
per 100 gms. of soli ^ ^ 
me 17!Jt3ne 24; July 2; July 8; July 16;^uly Aug.iat Aug.g^ 
0.98 1.73 2.82 «• M-w'w 2.32 1.30 trace 
1.03 1.92 3.06 1.25 1.11 0.45 0.28 0.38 
.... .i... 2.53 i;io o;6i 0.90 0;50 
0.87 1.61 2.32 2;oo 1.35 0.53 0.27 
.... .... 2.50 2.20 0.77 o;38 
0.75 1.43 2.79 i;9i 1.06 0.35 0.31 0.34 
.... 1.89 2; 38 1.00 0.33 0.62 
0.84 1.39 2.08 1.92 1.11 0.40 0.26 
.... ..... 1.59 i;95 1.05 0.30 0.81 
1.12 1.96 2.04 1.28 i;i6 0:29 0;20 0.28 
..—. 2.94 0;89 0.58 0.20 o;34 
1.40 1.59 1.67 3; 28 1.31 0.34 0.40 0.25 
1.60 1.52 2.38 3.31 1.79 0.73 0.33 0.25 
2.99 2.78 2.77 2.20 1.69 0.40 o;44 
2.10 2.04 1.61 2.04 1.84 0.28 0.33 
Ml «M •• M «• .... 2.50 1.56 0.58 0.23 0.25 
1.95 2.08 1.51 1.85 0.81 0.30 0.28 0.43 
2.58 2.70 3.57 2;41 2.32 0.36 0.23 
4M ••«»«»«» 2.76 5.75 0.90 0.50 0.55 
3.39 2.04 1.95 3.18 2.24 1.05 0.24 .... 
2.10 2.13 2.38 2.38 2.12 0.53 0.29 
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B 
Carrington loam in the field. 
In order to test the effect on nitrate assimi­
lation of greater variations in nitrate content than 
normally occur in field soils, a special greenhouse exper­
iment was plsuined. 
In Hovember 1929 Carrington loam and Shelby loam 
were potted in greenhouse pots, using two four-gallon pots, 
A & B, of each. The Shelby loam was designated as soil VII . 
and the Carrington loam as soil VIII. The soils were then 
treated as follows: 
Soil No. Treatment 
VII-A Untreated 
VII-B 1 percent dextrose 
VIII-A Untreated 
VIII-B 1 percent dextrose 
ilKiese soils were kept at optimum moisture and free from 
vegetation. On March 10, 1930, a second application of 
dextrose of one percent by wei^t was made to the soil in 
the B pots. 
These soils were sampled on March 12 and determin­
ations made of their nitrate content and their nitrate as­
similating power. The detertaination of the nitrate assimi­
lating power was made with three different incubation per­
iods; 1 week, 2 weeks and 4 weeks. One hundred grams of 
soil plus 25 milligrams of nitrate nitrogen were used in 
tumblers for the test. At each incubation period one set 
. / -80-
lisid. organic ma'tter added, and anottioi' sst was incubatod witii— 
out organic matter. Th.© results of tliese determinations are 
given in table 29. 
At this sampling the highest nitrate content was 
nearly always associated with the highest nitrate assimi­
lating power. These results did not correlate with those 
secured in the studies on the other greenhouse soils, I to 
VI. These soils were next sampled on April 2 and determin­
ations made of the nitrate content and the nitrate assimi­
lating power. At this sampling two incubation periods 
were used: 1 week and 4 weeks. The results of these 
studies are given in table 30. 
At this sampling the results secured from the 
Carrington loam agreed closely with those secured from both 
soils at the first sampling. With the exception of one 
instance, the soils with the highest nitrate content had 
the highest nitrate assimilating power. The results se­
cured at this sampliaig from the Shelby loam showed some 
agreement with those secured from some previous studies on 
greenhouse soils I to VI. 
Conclusions 
For the most part the results secured in this 
e:^eriment did ncfc correspond with the results which were 
secured from some previous studies on nitrate assimilation 
TABLE 29 
RELATION OF NITRATE CONTENT W NITRATE ASSIMILATION 
(Soil Sampled March 12) 
Soil 
No. 
Treatment 
:Mgm. N.: Mgm. NOk-N. assimilated per 100 gms. of soil 
;per 100: 1 week incuhation : 2 weeks incubation : 4 weeks incubation 
jgms. of! 
; soil : 
soil +: 
WOa : 
soil + NO3+: 
dextrose: 
soil + ; 
NO:, : 
soil + NO3+: 
1% starch : 
soil + 
NO3 
:soil +NO3 + 
; 1% straw 
VII-A Check 5.75 3.55 12.00 2.55 12.10 -2.60 4.15 CD 
VII-B Soil + h* 1 
dextrose 1.09 0.34 9.54 -0.11 7.94 -2.66 0.84 
VIII-A Check 6.33 2.63 17.03 2.58 15.73 -2.05 5.28 
VIII-B Soil + 
dextrose 2.44 2.29 14.69 1.14 17.29 -1.00 2.64 
TABLE 30 
RELATION OF NITRATE COllTENT TO MITRATE ASSIMILATION 
(Soil Sampled April 2) 
Soil 
Ho. 
Treatment 
:Mgm. N*: . assimilated per 100 gms. of soil 
:per 100j 1 week incubation : 4 weeks incubation 
:gms. of: 
: soil : 
soil + 
NO.-^ 
;soil 4 NO3 + : 
: 1^ dextrose : 
soil + 
NO.^ 
:soil 4 NO3 4 
; 2^ staroh 
VII -A Check 6.50 2.75 9.56 -3.25 14.85 
VII -B Soil + 
dextrose 0.00 4,85 12.75 1.65 23.79 
VIII -A Check 7.00 1.70 " 19.10 -3.20 23.92 
VIII -B Soil + 
dextrose 0.00 4.90 17.66 -3.80 20.15 
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in the greenhofaaa salla I to VI# , 
1^36 inconsistent results siakd the drsxflng of 
any difinlte conclusions rather difficult. 
Evidently there was sosae factor other than the 
nitrate content of the soil i^ich was iEportsnt in these 
studies. More studies are necessary before all of the 
factors involved in tiie process of nitrate asaiiailatlon 
can be detenained. 
The Relation of the Hltrogen Gon'tent 
of the Soil to Aaslctilatlorir 
Mazsy of the early investigators were of t^e 
opinion ttiat ^hen the soluble nitrogen disappeared from the 
soil it was denitrified and lost as nitrogen gas or as 
aamoaia gas« However, s«ae of the more careful ^ yorikers 
could find no appreciable loss of total niti'ogen in soil 
cultures, ^iiihen losses actually occurred* they were prob­
ably due to an excess amount of moisture in the cultures, 
or they occurred in solution cultures. 
Historical 
Jensen (68) in 1898 found tlmt only traces of 
total nitrogen were lost frcMo his cultures. He concluded 
that such losses as he did find were due to errors in 
determinations and that the nitrogen was merely changed 
to an organic forffi. 
—84 •• 
Prank (48) in 1893 stated tliat lower organisms 
"besides algae developed in the soil which used nitrate 
nitrogen for tissue building, thus maliing it unavailable 
for higher plants. He considered that denitrification 
was also in^ortant. 
Street (131) found that when manure was incubated 
in solution cultures together with sodium nitrate there 
was a considerable loss of total nitrogen by. denitrifica- , 
tion and also a large increase in organic nitrogen^ 
Fischer (47) observed tiiat v/ith normal additions 
of nitrate to soils no denitrification took place. The 
chances of loss were Increased if organic matter was added 
with the nitrate. He noted some loss of total nitrogen if 
sugar was added to the soil and he concluded that losses 
of nitrogen as ammonia might occur vihen a nitrogenous 
organic material was applied to the soil. 
Oelsner (102) claimed that nitrate nitrogen was 
lost as elementary nitrogen from soils when the moisture 
content was about 40 percent or over and that organic 
matter supplied energy for denitrification, 
Deherain (37) found a considerable loss in total 
nitrogen from his solution cultures when he used 200 milli­
grams of potassium nitrate plus 250 milligrams of starch 
plus 10 milligrams of di-potassium phosphate in 100 cubic 
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oentlmeters of water inoculated with a ctilture of nitrate 
assimilating organisms. He secured a total disappearance 
of the nitrates in 48 hours. 
Craig and Oiraud (33) added large amounts of 
molassesf dried green manure and dried farmyard manure to 
soils, They found that the nitrate nitrogen was changed 
into an organic form without any loss of total nitrogen, 
except in the case of the farmyard manure treatment. 
Jones (70) applied large amounts of sodium 
nitrate to timothy sod and foxuid that the nitrates all 
disappeared. However, when he analyzed the crop, all of 
the nitrogen was accounted for except in a few cases where 
excessive amounts had been applied. On fallow soils he 
noted acme evidence of a loss of total nitrogen. 
Meggitt (91) found no loss of total nitrogen 
from soils to which he had added Isirge amounts of sugar. 
Murray (97) in his studies on nitrate assimilation secured 
a considerable inc2*ease in total nitrogen, amounting to 
about 20 milligrams per 10 grams of soil in 18 weeks incu­
bation. Smith (123) found a considerable increase in 
total nitrogen in some of his nitrate assimilation studies 
in 21 days incubation. 
The type of organisms predominating in a soil 
would probably be a big factor in determining whether or 
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not losses of nitrogen would occur. If vigorous Azoto-
toacter were present in the soil and soluble organic matter 
were added under proper moisture conditions, some nitrogen 
fixation might result- With subsequent nitrification the 
nitrate content could thus "be increased. This was eirident-
I7 what happened in the work of Ebbels (44). With excess 
additions of manure there might be a loss of nitrogen as 
ammonia gas. 
Experimentctl 
An. esperiment was planned with a few of the gi>een 
house soils to determine whether there was a gain or loss 
in total nitrogen when the nitrate nitrogen was assimilated 
Soil I-B, V-B and VI-C were tested by the tuaibler 
method, using 100 grams of soil treated with 25 milligrams 
of nitrate nitrogen and one percent of straw and incubated 
4 weeks. Soils I-C and VI-B were tested by the same method 
except that the one percent of straw was omitted. The re­
sults secured fr<Ma these studios are given in table 31. 
Four of the soils showed an appreciable gain in 
total nitrogen during the 4 weeks incubation while in one 
of them there was a small loss. Soils V-B, VI-B and VI-C 
were very similar in nitrate content at the beginning of 
the experiment and soils I-B and I-C were a little higher. 
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TABLE ^  
RELATION OF HITRATE ASSIMILATION TO TOTAL HITROGEN 
nitrogen per lOO^ grams of soil 
Soil 
Ho. 
? total 111. at: 
: beginning : 
• • 
.m * 
total 
at end 
:gain or loss : HO3-K. 
tcorrected for:assiBiilated 
: added UOs-K.: 
I-B 195.8 254,0 •^13.2 8.36 
I-G 206.2 243.0 +11.8 -0.56 
V-B 179.0 204.0 - 7.0 7.67 
VI-B 223.5 256.0 + 7.5 3.35 
VI-C 228.8 264.0 +16.2 7.63 
•"88"" 
Conclusions 
Those data indicate that under the conditions 
pertaining in these testa there was no loss of total nitro­
gen acco3J5)anying nitrate assimilation. The loss indicated 
in soil V-B may have "been due to an error in the determin­
ation* If there was any loss, it certainly was not cor­
related with the amount of nitrates assimilated* 
The Relation of the Carbon-glitrogen Ratio 
of Soils to Nitrate Assimilation^ ' 
Since organisms which assimilate nitfrate nitrogen 
use carbonaceous materials as a source of emrgy in their 
metabolism* it is quite evident that the ratio of organic 
carbon to soluble nitrogen in the soil would have a direct 
bearing on the assimilation of the nitrogen. Although the 
ratio of total carbon to total nitrogen in soils is usually 
about 10 or 12 to 1, it was thought possible that varia­
tions in this ratio j^ght in some manner affect the 
nitrate asslmilators* 
Historical 
Russell (112) noted that if an organic material 
containing 1.8 percent nitrogen was added to the soil 
there was no loss of nitrates. If the material was hi^er 
in nitrogen there was an accumulation of nitrates; and 
if it was lower, there was a loss. 
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Waksman (140) stated that the ratio of cellulose 
decomposed to nitrogen assimilated was about 30 to 1 for 
fungi and aerobic bacteria; but that in the soil there was 
a ratio of about 50 or 60 to 1 as some of the nitrogen was 
again nitrified* He calculated that there woiQd be about 
20 milligraios of nitrogen assimilated for each gram of 
cellulose decomposed* 
Clark and Adams (25) added sugar, molasses, 
alcohol and wool scouring waste in varying amounts to soils. 
They fotind an accunnilation of nitrates as long as the ratio 
of carbon to nitrogen was low. If sufficient nitrogen was 
present, large amounts of carbon had no appreciable effect 
on nitrification. 
Batham (10) concluded that the nitrification of 
amino acids by soil organisms was independent of the 
carbon-nitrogen ratio. 
Brown Allison (17) fotind that the increases 
in ammonification due to applications of humus—forming 
materials were independent of the carbon-nitrogen ratio of 
the materials added and were probably dependent on the 
chemical con^ositlon of the substances. The effect on 
nitrification also seemed to be dependent more on other 
factors than on the carbon-nitrogen ratio. This was also 
the case with azofication. The carbon-nitrogen ratio, 
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however, of the added materials did effect the yield of the 
succeeding crop, which suggests an effect on nitrate assimi­
lation, Bierema (12) explained that this effect was due 
to differences in the availability of the carbon materials. 
He found the pentosan material of strav/ to be a much better 
medium for the growth of soil organisms than cellulose 
material. 
Doryland (40) concluded that theire was probably 
a relation betv/een the ammonifying power and the carbon-
nitrogen ratio in soils but gave no data to prove the case. 
Allison (3) found a very close relation between 
the carbon and nitrogen in soils. He found also that the 
ratio v;as usually about 10 to 1 and concluded that if a 
high nitrogen compound were added to soils, nitrogen would 
be lost as ammonia; and that additions of non-nitrogenous 
compotmds^ as sugar,. v;ould result in a rapid evolution of 
CO2 until equilibrium was reached. Vftiatever the material 
added, the nature of the injury was the same. With ordin­
ary field additions the depressive influence lasted about 
four to eight v/eeks» 
Experimental 
The total carbon and the total nitrogen content 
of the greenhouse soils were determined and the carbon-
nitrogen ratio calculated. These data are given in table 52. 
TABLE  ^
GARBOK-NITROGEK RATIO OF GREENHOUSE SOILS 
soil i 
Uo. : 
grams C. per 
100 gms. soil 
: grams H. per 
: 100 gms- soil 
: ratio of G. 
; to K, as 1 
I-A 1,968 0,2112 9,5 
I-B 1.968 0,1958 10,1 
I-C 1.902 0-2062 9,3 
II-A 2,240 0,2333 9,6 
II-B 2,240 0.2310 9,6 
II-C 2^295 0,2360 9,7 
III-A 1.885 0.2068 9,2 
III-B 1,885 0,2120 8,9 
11 I-C 1,958 0,2133 9,2 
IV-A 2,205 0,1795 12,3 
IV-B 2,205 
IV-G 2.645 0.1765 15.0 
V-A 1.775 0,1923 9.1 
V-B 1.775 0.1790 9.8 
Y~C 1.745 0.1842 9,5 
VI-A 2,182 0,2193 10,0 
VI-B 2,182 0,2235 9,8 
VI-C 2,190 0.2228 9.8 
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With the exception of the CeGiioun silt loam, 
(soil IV) there was not nnich variation in the carbon-nitro-
gen ratios of the different soils. The Calhoun silt loam 
had a rather high carbon-nitrogen ratio. Uhdor greenhouse 
conditions this soil had the lowest nitrate assimilating 
power of any of the soils studied. Under field conditions 
it had both the lowest nitrate assimilating power and the 
lowest nitrifying power of any of the soils siradled* 
Conelusione 
ThesB results Indicate that there aay be a rela­
tion between the carbon-nitrogen ratio of soils and the 
nitrate aasimllating power. The results, however, are In­
sufficient for any definite conclusions to be drawn* It 
may b© that the high carbonrnitrogen ratio of this soil is 
a result of a low celliilose decomposing power; and the 
celltilose dec<»Bpo8ing organisms are probably the principle 
nitrate assimilating organisms. 
^e Relation of yhe Kinds and numbers of 
drganisms in Soils to l^ltrate AssimilaiTon. 
A number of investigators have studied the organ­
isms responsible for the assimilation of nitrate nitrogen 
in the soil. There seems to have been a tendency among 
those who have not made a careful study of the question to 
attribute the action largely to molds* This doubtless 
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is due to the heavy mold growth which usually accompanies 
the decomposition of carbohydrate material in the soil or 
in cultures • Many of the early investigators wore of the 
opinion that the organisms responsible were added to the 
soil with straw. 
Historical 
Breal (14) emphasized the possibility of adding 
the organisms in the straw. He considered that water i^ich 
Tiad been on straw would also contain the organisms. 
Maerclcer (87) held to this same view. Hilgard (62) claimed 
that the injurious effect of straw was due to organisms 
which were added with straw. Kruger and Schnedewind (81) 
were among the first investigators to conclude that straw 
did not furnish the organisms, since they could secure no 
harmful effects with straw or manure extracts. They attri­
buted the izijurious action to the fact that the straw 
supplied energy for the organisms already present in the 
soil. Allison (3) quite definitely refuted the theory of 
the additions of the organisms with straw when he secured 
the same h£u?mful effect from sterilized straw or manure. 
Bierema (12) investigated some 150 organisms, 
both molds and bacteria, and found that many of them could 
assimilate nitric nitrogen in pure or mixed cultures if 
sugar was added as a source of energy. 
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Hlll (63) found that when he added straw or fil­
ter paper to soils, the number of organisms decreased for 
12 weeks and then there was a decided increase. 
Doryland (40) found a large temporary increase 
in the numbers of nicroorganisms follor/ing applications of 
straw and concluded that molds were probably the most vig­
orous competitors with higher plants for nitrate nitrogen, 
Rahn (108) found that additions of straw and 
other nitrogen-poor plant substances to soils increased 
the numbers of microorganisms which assimilated available 
nitrogen. He thought that there mi^t be some denitri-
fication. 
Brown and Halverson (19) found an increase in 
numbers of organisms following manure or crop reside 
treatments, They rather tmeapectedly found that the soils 
treated with 8 tons per acre of clover hay once every four 
years had a much higher number of bacteria than soils 
treated with 8 tons of manure per acre once eveiy four 
years. They could find no correlation between the mold 
count and soil treatments or soil moisture, 
Hutchinson (67) foimd very large increases in the 
number of bacteria when he incorporated sugar into the soil. 
This increase persisted for a period of 8 to 9 months. 
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He gave the following data from one of his experiments: 
Treatment :Number of "bacteria at days after treatment-j^-
:at start: 6 days ; 62 days;101 days;215 days 
Check 8.2 13.2 6.9 10.6 12.4 
Soil - 1% sugar 8.2 129,2 96.6 32.S 25.9 
* Humbers are in millions per gram of soil. 
Murray (97) found 'Uiat the total number of bac­
teria increased rapidly up to 13 weeks following the ad­
dition of straw to soils. He reported counts of 192 mil­
lion "per gram of soil to which had been added 5 percent of 
straw. He found no evldencQ of any special group of bseter-
la being favored but all were alike increased in number. 
Waksman (140) rcpopted that Macorales were ener­
getic nitrate assimilators but that in general bacteria 
were more likely to be responsible for the assimilation 
of nitrates. 
Experimental 
In this work no attempt was made to isolate or 
identify any organisms. The total number of bacteria, 
molds and actinomycetes in untreated soils and in soils 
treated with sugar were determined, however. The media 
used for these determinations were those recommended by 
Fred and Waksman (49) as follows: for bacteria, medium 5 -
Sodium Albuminate agar; for molds, medium 18 - Peptone-
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Glucose acid agarJ and for actinomycetes, raedium 34 ~ 
Hltrate-Sucrose agar. 
For this study the greenhouse soils VII-A and 
VII-B (Shelby loam) and VIII-A and VIII-B (Carrington loam) 
were used. The first counts were made April 1, about 3 
weeks after the second application of dextrose to the B 
pots, inhere was practically no nitrates present in the 
soils in the B pots at this time. The second counts were 
made on April 28, at which time the soil in the B pots had 
regained a part of the original nitrate content. The re­
sults of these counts are given in.table 33. 
At the time of the first counts, when the dex­
trose applications had evidently produced their maximum 
effect^ there was a very marked infltience on the numbers 
of organisms. The number of bacteria in the Shelby loam 
had increased about 20 times due to the effect of the 
dextrose and the number of molds had increased about 60 
times. The number of bacteria in the Carrington loam was 
conside3?ably higher than in the Shelby loam but there was 
about the .same proportional increase in number due to the 
effects of the dextrose. The number of molds in the 
Carrington loam was lower than in the Shelby loam but 
they also showed about the same proportional increase in 
number following the dextrose treatments. At this sampling 
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TABI.E ^  
RELATION OF lIUmSRS OF ORGAKISIv^S TO 
NITRATE ASSIMILATION 
Soil i :Mgm. NO3 t Hiombers of organismis 
No. : pH :per 100 ; per of soil 
: ;gmg, soiliBaoteria; Molds xActinoinycetes 
:Soil Sioiipled April 1: 
VII-A 6.50 7.05 6,100 78 1,300 
VII-B 6,68 0.00 121,000 3,860 660 
VIII-A 7,71 7.88 12,900 25 1,300 
VIII-B 7.63 0.00 278,600 1,300 1,140 
:Soil Sampled April 2Bj 
VII-A 6.75 7,000 82 
VIX-B 2.30 37,500 3,240 - —  
VIII-A 7.58 9,000 20 
VIII-B 2.84 135,500 720 
«- Thousands omitted^ 
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thero did not appear to "be much effect on the numbers of 
act inomycet0 s. 
The second counts were made on April 28, about 
7 weeks after the second application of sugar to the soil, 
The nitrate content of the soils showed that the effect of 
the dextrose was lessening. The nitrate content of the 
Shelby loam dextrose treated soil had increased from zero 
to 2.50 milligrams per 100 grams of soil, and the nitrate 
content of the Carrington loam stigar treated soil was in­
creased slightly more. The mold counts in the Shelby loam 
at this time did not show any appreciable change in numbers. 
The mold counts in the Carrington loam dextrose treated 
soil at this time showed a significant decrease, although 
the coTints were still very high. The numbers of bacteria 
in both soils were considerably less at this second 
sampling. The bacteria appeared to decrease in numbers 
more rapidly than the molds. 
Conclusions 
In the two soils stxidied the numbers of molds 
flPd bacteria were greatly increased following additions 
of dextrose* These high counts apparently persisted for 
as long as the effects of the dextrose lasted. 
Prom these results there is no evidence shovm that 
the molds were any more responsible for the disappearance 
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of the nitrates than were the bacteria. 
The proportional increase in numbers of both 
molds and bacteria in the two soils were about alike. The 
totsQ. number of molds was higher in the Shelby loam and 
the total number of bacteria was higher in the Garrington 
loam. This difference might be attributed to the differ­
ence in reaction of the two soils as the Shelby loam was 
somewhat more acid. 
There was no evidence from this experiment that 
actinomycetes are especially important in nitrate assimi­
lation in soils. 
Relation of the Moisture Content of 
the Soil to Bltrate Assimilation* 
There can be no doubt but that the moisture 
supply is important in nitrate assimilation, as is the case 
in all biological activities. It would be of interest to 
know just what is the relation. 
Historical 
Deherain (37) found a much faster disappearance 
of nitrates in solution cultures than in soil cultures. 
Kruger and Schneidewind (79) noted that nitrate decompo­
sition was greatly accelerated by excess moisture, 
Chirikov (24) found that the depressive influence of 
straw on crops was increased with an incx*easing moisture 
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content# Scott (116) attrilmted part of the detrimental 
effect of a foiir-ton siirfaoe application of straw on the 
following crops to an increased moisture content and pos­
sibly poor physical conditions, Albrecht (1) and Albrecht 
and Uhland (2) also attributed the main detrimental action 
of a straw 2salch on the succeeding crop to increased mois­
ture, poor aeration, lower ten^erature and poorer phys­
ical conditions. 'Sb.ej used 6 tons per acre. 
In studying favorable conditions for nitrate 
accumulation in soils, many investigators have attempted 
to determine optimium moisture conditions, 
Qainey and Metaler (50) claimed that the moisture 
content should hot exceed two-thirds saturation and that 
increasing the moisture up to this point increased the 
efficiency of the nitrifying organisms. They found prac­
tically no nitrates formed with 10 percent moisture in the 
soil. Stevens and Withers (130) also placed the optimum 
moisture content at about two-thirds saturation for average 
soils. They found that nitrification dropped off rapidly 
if the moisture was increased above 70 percent of satura­
tion. Russell (111) disagreed with Gainey and Metzler as 
to the lower limits. He claimed to have secured good nitri­
fication at 11 percent moisture. Murray (97) in his exper­
iments used 19 percent moisture as the optimum for bacterial 
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activities. Coleman (27) used 50 percent of the water 
holding capacity in his experiments. Go-arda (55) agreed 
with Murray. He considered 18 percent as the optimum under 
field conditions. Smith (122) claimed that 50 to 60 per­
cent of saturation was the optimum moisture conditions for 
nitrification of most materials in sandy soils, but that 
nitrification of uj?ea proceeded more rapidly at 70 percent 
of saturation. Russel et al. (110) placed the optimum 
moisture content for nitrification at 1-^ times the moisture 
equivalent, and claimed that there was a small amount of 
nitrification even with only hygroscopic moisture. 
Greaves and Garter (58) studied the moisture re­
lations to nitrification in 22 0tah soils us Ing blood meal 
and 21 days incubation period. Kiey gave the following d 
data: 
% of moistiire; 10 : 20 : 30 ; 40 ; 50 : 60 ? 70 : 80 
NO3 produced ; 11.0:16.9: 30.7: 61.9: 85.9: 100: 36.6:9.6 
Experimental 
During the course of some of the other studies 
on nitrate assimilation it was occasionally observed that 
the soil in some of the tumblers after incubation had an 
excessive amount of moisture. "Ehis was probably due to an 
error in adding moisttire at the beginning of the experiment 
nearly all cases these soils showed an appreciably 
greater amount of nitrates assimilated than the other soils 
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Prom this it appeared that the moisture factor may be a 
very important feature in such studies. 
Accordingly an experiment was started to deter­
mine the effect of varying quantities of moisture in the 
soil during incubation on the amount of nitrate assimilated. 
In the first test Carrington loam untreated 
(soil I-A) and Calhoun silt loam lantreated <soil IV-A) were 
used. Soil I-A had a moisture holding capacity of 44.65 
percent and soil IV-A had a moisture holding capacity of 
57.35 percent. In the second test Carrington loam un­
treated (soil VIII-A) and treated with dextrose (soil 
yXII-B) and Shelby loam untreated (soil VII-A) and treated 
with dextrose (soil VII-B) were used. The Shelby loam had 
a moisture capacity of 58.00 percent. For these studies 
the soils were incubated in tumblers for 2 weeks with the 
addition of 25 milligrams of nitrate nitrogen. 
In each of the teats two sets were used, one with 
the addition of 2 percent dextrose and the other without or­
ganic matter. In the first test soil I-A was incubated with 
a Viigh moisture content of 30 percent and a low moisture 
content of 15 percent. Soil IV-A was incubated with a hi^ 
moisttire content of 35 percent aj^ a low moisture content of 
25 percent. In the second test soils VII-A and VII-B were 
Incubated with a high moisture content of 50 percent and a 
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low moisture content of 30 percent. Soils VIII-A and VIII-B 
were incubated with a high moisture content of 45 percent 
and a low moisture content of 25 percent- Tlie nitrate con­
tent at the "beginning of the experiment was also determined. 
The results of this e^qperiment are given in table 34. 
It is shown by these data that the percent of 
moisture used had a very significant effect on nitrate as­
similation. In each case the higher moisture content gave 
the greatest amount of nitrates assimilated. 
Concluslona 
If such large differences are obtained with these 
large moisture variations, it is probable that small dif­
ferences may occur with smaller differences in moisture 
content. Consequently if the results of the ezperiment 
are eacpected to show only small variations in the nitrate 
assimilating power due to soil treatments, it is particu­
larly in^^ortant that the moisture content during incubation 
be very carefully controlled. The very large amount of 
assimilation in soil VIII-B, when incubated without organic 
matter, may have been due to the fact that this soil had 
a little moisture in excess of saturation and some denitri-
fication occurred. It is probable that tmder anaerobic 
conditions such as would exist tmder these conditions of 
moisture, that nitrates would be broken down to supply 
-104 
TABLE 54 
THE EFFECT OF VARYXMG MOISTURE CONTENT 
OH HITRATB ASSIMIi ATION 
(2 wseks Incubation) 
i R05"H* per 100 girls,, of soil 
Soil : % H20tnitrate: nitrate assimilated 
No. 5 used :content: soil + s soil + dextrose 
J : nitrate : + nitrate 
I-A 50 7,25 2.85 27.25 
I-A 15 R 2.25 17.55 
IV-A 55 3.07 5.32 19.65 
IV-A 25 fi 3.07 15.27 
VII-A 50 6.50 15.90 
VII-A SO tt 11.25 
VII-B 50 0.00 7.45 
VII-B 50 II 4.05 -— 
VIII-A 45 7.00 24.20 
VIII-A 25 !I 1,^  13.30 
VIII-B 45 0.00 25.00 
VIII-B 25 tt 3.40 
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oxygen. The aauie result was ohtained In each of duplicate 
tumblers and -was assumed to be correct, m this type of 
an experiment, although all of the ttonblers -were covered 
with metal covers, these lids did not all fit alike and the 
soils in some of the tumblers dried out faster during in­
cubation than others. For that reason it is very difficult 
T/ith this method to control the moisture exactly. 
These results suggest that a moist chamber in­
cubator for this type of WDrk mi^t be desirable. 
Summary of Part I 
1. Studies were conducted on the relation of several dif­
ferent variables to the nitrate assimilating power of soils 
The factors investigated included: (1) additions of organic 
materials, (2) soil type, (3) nitrification, (4) the ni­
trate content of the soil, (5) the total nitrogen content 
of the soil (6) the carbon-nitrogen ratio in the soil, (7) 
the numbers and kinds of organisms and (8) the moisture 
content of the soil. 
2. The method used to measure the nitrate assimilating 
power of the' soil consisted in adding 25 milligrams of 
nitrogen as potassium nitrate to 100 grams of soil in 
tumblers with or without the addition of organic matter. 
The soils were then incubated for varying lengths of 
times The nitrate content of the soil was determined at 
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the "beginning of tlie experiraent and again at the end of 
the incubation period. The amount assimilated was as-
siimed to be the difference between the amotmt present at 
the beginning plus the amount added and the amount loft 
at the end, 
3, The data secured did not indicate that ordinary field 
applications of dry straw, dry corn stalks, barnyard man­
ure or sodium nitrate as fertilizers materially affected 
the nitrate assimilating power of the soils. It appeared 
that when a soluble carbonaceous compoimd such as starch 
or dextrose was added to the soil in the test, there was 
a tendency for the natiiral differences in the nitrate as­
similating power of the soil to be decreased. 
4, There was some indication that the nitrate assimilating 
power of the soil might be correlated v/ith the soil type. 
Of the several field soils studied, the Calhotin silt loam 
had the lowest nitrifying power and the lowest nitrate as­
similating power. Under greenhouse conditions also it 
had a slightly lower nitrate assimilating power than any 
of the other soils studied. 
5, Those field soils which had the highest nitrifying 
power appeared in general to have the highest nitrate as­
similating power, on the Carrington loam field the soils 
from the spring plowed area had a higher nitrate 
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asslmllating power and a higher nitrifying power than 
those from the fall plowed area. This might have been 
due to a higher moisture content in the soils of the 
spring plowed area« 
6, Under field conditions there v/ere no differences in the 
nitrate assimilating power of the soils which could be at­
tributed to differences in the nitrate content. Under 
greenhouse conditions a high nitrate content which had per­
sisted for two or three months seemed to depress the ni­
trate assimilating power of the soils# 
7. Ko evidence was obtained of any correlation between the 
nitrate assimilating power of the soils and their total 
nitrogen content. STeither was the nitrate assimilation in 
the soils associated v/ith any loss of total nitrogen, 
8» There was some indication that nitrate assimilation 
might be correlated with the carbon-nitrogen ratio in soils. 
The Calhoun silt loam had the highest carbon-nitrogen ratio 
and the lowest nitrate assimilating power of any of the 
soils studied. 
9, Applications of one percent dextrose to soils in the 
greenhouse brought about a decrease in the nitrate content 
and a very great increase in the number of molds and bac­
teria, The ratio of molds to bacteria in these soils was 
apparently correlated with the reaction. The Shelby loam 
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witli a reaction of about pH 6,60 had nearly four times 
as many molds as the Carrington loam with a reaction of 
alDout pH 7,60. The Carrington loam had slightly more 
than twice as many bacteria as the Shelby loam. There 
was no evidence that the molds were any more responsible 
than the bacteria for the disappearance of the soil 
nitrates. The number of actinomycetes was not materially 
affected by the dextrose applications. The hi^ counts 
of molds and bacteria persisted as long as the effects of 
the dextrose lasted. 
10. The amount of nitrate nitrogen assimilated in soils 
accoi^ing to these experiments seemed to be directly cor­
related with and somewhat proportional to the amount of 
moisture in the soils. 
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PART JX 
HITRATE PERTILIZATIOH STUDIES 
Soils mist be kept from wearing out if produc­
tion is to be maintained. Crops remove large amounts of 
nutrients from the soil and depletion will eventually occur 
unless these nutrients are returned. Hitrogen la one of 
the most important of the essential plant food constituents 
and in the nitrate form is most available to plants. Con­
sequently, if something new can be learned of the value of 
nitrates as fertilizers, it will be a contribution of large 
practical as well as technical value. 
In the work here wheat, oats and com were 
selected as crops on which studies with nitrate fertili­
zers might prove of value. 
Experiments with Viheat 
Since wheat is one of the main sources of food 
an important crop in Iowa, it is quite desirable that 
studies be made of methods of producing a hi^er yield per 
acre and a better milling grain. Therefore, it is worth 
while to attempt to find some fertilizer which will serve 
the double purpose of improving both the yield and the 
quality of wheat. It appears from previous work that 
sodium nitrate might serve this dual purpose. 
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Historical 
A siirvey of the literature reveals the fact 
that for many years investigators have been studying 
means of increasing the protein content and yield of 
wheat by the use of artificial fertilizers. 
Lawes and Gilbert (82) in 1858 made a study of 
wheat with a view of correlating its composition with its 
milling and baking qualities. They concluded that soil 
treatments had,very little effect on the composition but 
that climate was the chief determining factor controlling 
the protein content of wheat. 
Snyder (125) in Minnesota in 1893 conducted 
investigations of the rate of assimilation of nitrogen by 
wheat at different stagea of its growth, with the object 
of determining the correct time to apply fertilizers. He 
found that 86 percent of the total nitrogen content of the 
plant was absorbed in the first 50 days of its growth. 
Kodzie (75) the same year in Michigan made a similar study 
and also studied the variations in the protein content 
with relation to the time of harvesting. He fotmd that the 
plant had taken up the greater share of its nitrogen at 
about the time it was in blossom. Thereafter the percent­
age of protein in the whole plant dropped rapidly until it 
was fully ripe. Nedokutschajew (98) in 1902 in Germany 
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sectired similar results to those secured by Snyder in 
Minnesota. His results showed that the crop in certain 
pots yielded 30 grams of dry matter containing 2.9 per­
cent nitrogen when harvested on July 13; whereas in sim­
ilar pots harvested on August 9, the crop yield was 50 
grams of dry matter containing 2.4 percent nitrogen. 
Bolley (13) studied the composition of wheat in 
North Dakota in 1895 and his results agree closely with 
those of Lawes and Gilbert. He claimed that v/heat grovm 
on farms in various parts of the state on different soil 
types, if planted and grov/n side by side under similar 
conditions, would have approximately the same yield and 
the same composition. Likewise he found that hand picked 
uniform seed, which had been grown side by side, if distri­
buted over the state on various soil types would show great 
variations in yield and composition. Williams (148) in 
Ohio made a similar study and stated that the protein con­
tent of wheat was independent of the soil or variety of 
wheat, but wholly dependent on the seasonal conditions. 
Teller (132) in 1898 cut samples from wheat 
every day for 42 days after the setting of grain and anal­
yzed the samples for protein content. He found that early 
cut wheat contained a higher percentage of protein than 
late cut wheat. This finding was confirmed by Williams 
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who noted also tliat shrunken wheat always had a higher 
nitrogen content than plump wheat. 
Soiile et al. (129)- claimed that nitrogenous 
fertilizers on relatively fertile soils did not apprecia­
bly alter the nitrogen content of wheat. However, Hi/hitson 
et al. (145) in V/isconsin took the opposite view and 
stated that under like seasonal conditions the amount of 
nitrate in the soil was the most in^jortant factor in deter^ 
mining the nitrogen content of the wheat grain. 
Deherain (39) agreed with Lawes and Gilbert in 
attributing the variations in the protein content of wheat 
to climatic factors. He claimed that cool siammers with 
plenty of moisttire produced a high yield of wheat and a 
high protein content but that hot summers generally pro­
duced a low yield and a low protein content. 
Hopkins (65) studied the fertilization of wheat 
in Illinois and claimed that the effect of nitrogenous 
fertilizers on the yield or composition of the grain was 
very slight. 
Snyder (126) (127) in some later work in Minn­
esota found that on poor soils the nitrogen content of 
wheat could be increased by nitrogen fertilization but no 
such results were secured on good soils. Of 19 experimen­
tal series on wheat in different parts of the state only 2 
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sliowQd an increase in the protein content of the grain 
due to the use of soditua nitrate as a fertilizer, and he 
concluded that nitrate fertilization of wheat was gener­
ally not profitable in Minnesota. 
About this time there was considerable contro­
versy in England regarding the baking qualities of dif­
ferent kinds of wheat, which induced Brenchley and Hall 
(15) to conduct some very careful experimental work in 
an effort to obtain some definite data on the matter. IThey 
drew the following conclusions: 1. The whole wheat plant 
increased in weigiht up imtil about one week prior to ord­
inary harvesting time. 2. The maximum dry weight of grain 
was attained a day or two prior to the time it was ordi-
narilly considered rip's. 3. The endosperm was filled grad­
ually by a uniform material of constant nitrogenous non-
nitrogenous ration. 4. The main feature of ripening was 
desication. 5. Variations in the protein content were 
mainly due to different varieties of wheat. These state­
ments were naturally ch.allenged by various workers in the 
United States. 
Ames (4) in Ohio showed that on Wooster soil the 
nitrogen content of wheat was to some extent a function of 
tiie nitrogen supply in the soil. He fertilized wheat with 
sodium nitrate and submitted the following data: 
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Treatment Percent Nitrogen 
Check 1.66 
25 Ihs. of nitrogen 1.78 
114 lbs. of nitrogen 2.00 
Additions of phosphorus T/ithout nitrogen increased the 
yield but decreased the nitrogen content. Nitrogen and 
phosphorus together increased both the yield and the 
nitrogen content. 
Moertlbauer (94) in Germany found that early top 
dressings of sodium nitrate increased the yield but not 
the protein content, and that later top dressings increased 
the protein content but not the yield. 
Whitney (144), from a large mass of data collected 
from various parts of the United States, found that on the 
average there was a 2.8 to 1 ratio in favor of an increase 
in the yield of wheat from the use of sodium nitrate, but 
that the economic loss averaged $3.38 per acre. He gave 
no figures on the protein content. 
LeClerc (83) from a mass of collected data drew 
conclusions similar to those of Bolley as stated, above. 
He found that Crimean wheat from Kansas varied in its pro­
tein content from 22.8 to 11.7 percent depending on the 
environment, but that wheat of the same variety grown 
under similar conditions would not vary much in its nitro­
gen content. He claimed that the soil or the seed had 
-115-
very little influence on the con5)osition of the wheat 
kernels. 
Davidson and LeClerc (35) conducted some field 
experiments to determine the effect of sodium nitrate on 
the yield, composition and quality of wheat which they 
reported in 1917» They used l/lO acre plots fertilized at 
the rate of 320 pounds per acre of sodium nitrate in single 
and divided applications. They applied the fertilizer at 
three different stages of growth; at about 2 inches hi^, 
at heading time and at the milk stage. They sijinmarized 
their results as follows; 1. Sodium nitrate applied early 
stimulated vegetative growth and increased the yield. 2. 
Sodixim nitrate applied at the heading stage gave a better 
quality of grain with a higher protein content and a better 
color. 3. Sodium nitrate applied at the milk stage gave no 
effect. 4. Sodium nitrate applied in solution form gave 
sli^tly better results than if it was applied in solid 
form. 5. The late applications of sodiiun nitrate slightly 
increased the weight per bushel of the grain. Later 
Davidson (34) from further studies drew the conclusions 
that as the effectiveness of the nitrogen on the yield was 
decreased its effectiveness on the protein content was in­
creased, and vice versa. H!e also concluded that as the time 
of application approached the heading stage, the effect on 
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the yield was lessened. He stated that late treated grain 
•was distinctly more brown than early treated grain. 
Shaw and Walters (119) followed up the work of 
LeClerc with the same variety of wheat. They used Crimean 
wheat seed grown in Kansas and transported to California. 
They also brought soil from Kansas and Maryland to compare 
with California soil under California climatic conditions. 
The Crimean wheat which had a nitrogen content of 3.04 
percent when grown in Kansas dropped to 1.91 percent when 
grown on Kansas soil in California, and the nitrogen con­
tent remained high when it was grown on Mainland soil in 
Califomia, although the Maryland soil had the lowest, 
nitrogen content of the three. From their results they 
concluded that climatic factors were the most important in 
influencing the protein content of the grain. 
Ames and Boltz (5) and Ames et al. (6) from 
their studies in Ohio from 1912 to 1917 confirmed the 
earlier work of Ames reported above. They worked on soils 
on which the fertilizer treatments for the previous twenty 
years was known. The cropping system used was corn, oats, 
wheat and clover. They claimed that the chemical condition 
of the soil caused by the use of different fertilizers 
produced marked differences in the composition of wheat. 
Changing the phosphorus and nitrogen ratio from 1 : 3.8 to 
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1 : 5.7 caused an increase in the protein content and a 
decrease in the carbohydrate content. They obtained the 
highest nitrogen content on soils low in phosphorus and 
high in nitrogen. Sodiiim nitrate applied at planting time 
produced large increases in the nitrogen .content but only 
small increases in yield. 
Thatcher (134) top dressed winter wheat with 
sodium nitrate at intervals thraout the growing season with 
200 pounds per acre total application. The soil was a 
Wooster silt loam. He made applications on March 15, May 
15 and June 15, and also some combination treatments of 
two applications of 100 pounds each. He found that the 
ratio of grain to straw increased with the later applica­
tions. Contrary to e35)ectations however, he obtained 
grain of a slightly higher nitrogen content from early 
applications than from later applications. The results of 
additions of sodium nitrate however, were mainly manifes­
ted in increases in yield. These abnormal results for the 
protein content were likely due to abnormal seasonal 
conditions. 
Thatcher's (135) work in Washington in 1913 
showed results somewhat different from those secured by 
Ames but confirmed the results of Shaw and Walters. He 
grew wheat on Pullman and Ritzville soils under different 
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climatic conditions and concluded that the protein content 
of wheat was solely a matter of climatic environment. 
Olson (103) in some later work in V/ashington secured a 
slight increase in the protein content of wheat by in­
creasing the distance between rows of drilled wheat. Above 
9 inches there however, was no appreciable change. Irri­
gation had no apparent effect. 
McGall and Richards (90) by the ujse of water 
cultures attempted to determine at what stage of growth 
mineral nutrients were required by the wheat plant. They 
found that the best producing cultures had a high nitrogen 
content thruout the growing period. 
Gericke (51) (53) (54) made some very extensive 
studies on the effect of sodium nitrate on the composition 
of wheat. Using pot experiments, he added nitrogen as 
sodium nitrate at the rate of 100 pounds per acre at 
various stages of growth and analyzed the plsnts for their 
percentage protein. He gave the following figures: 
Fertilizer appplied Percentage 
days after planting protein 
0 8.6 
17 9.3 
33 10.4 
48 11.8 
72 13.2 
110 15.2 
Up to 72 days after planting, additions of the fertilizer 
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increased both the yield of grain and the protein content. 
Of nine varieties of wheat all the grain from plants fer­
tilized 30 to 90 days after planting had a higher nitrogen 
content than untreated plants. Five different varieties 
of wheat receiving nitrogen at planting time had a lower 
protein content but gave a higher yield than wheat from 
untreated plots. He concluded that previous contradictory 
results were due to the use of different varieties of 
grain. He found also that late applications of nitrogen 
tended to cause excessive tillering. From some other 
work conducted in the field he found that where nitrogen 
was supplied 45 to 75 days after planting, the grain was 
decidedly higher in total nitrogen than the iintreated 
grain. A comparison of Gericke*s work with that of Shaw 
and Walters under similar climatic conditions seems to 
indicate that the variety of wheat, type of soil, and 
seasonal conditions were all factors in determining re­
sponses to nitrogen fertilizers. 
Heidig and Snyder (99) (100) in their report of 
work in Idaho in 1924 to 1926 claimed that a higjaer mois­
ture content in the soil witti sixfficient available nitro­
gen restated in a high yield and a hi^ protein content 
and that a low moisture content of the soil and a high 
available nitrogen content resulted in low yields of high 
ISO-
protein grain; and tliat a high moisture content with a low 
nitrogen availability resulted in grain of low protein 
content. In three years of field work with various rota­
tion systems, manure gave the largest increases in yields 
of v/heat but very little increases in protein content. All 
manurial applications on all the rotation systems followed 
gave sli^t increases in the protein content of the grain. 
Fallowing every thii»d year led to an appreciable increase 
in protein content on the following wheat crop. It is 
doubtful though if these results can be attributed en­
tirely to an increased supply of available nitrogen since 
field trials with 200 pounds per acre of sodium nitrate 
showed but slight increases in the protein content of the 
grain. Similar results were secured by Hungerford (66) 
in Idaho in 1928. He obtained good results in maintaining 
yields with baraiyard manure but relatively low returns 
from soditim nitrate. 
Jones and Pember (71) and Pember and McLean (104) 
in reports from the Rhode Island station claimed that with 
pot cultures sodium nitrate gave good results on the yield 
and protein content of wheat. They gave the following 
figures: Treatment Grams straw Grams grain 
Ciieck 
1 gm. NaNOgper 
3 gms. NaNOg per pot 
9 
18 
29 
4 
9 
14 
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Nolte et al. (101) eici)hasi2!ed the danger of the 
use of too small applications of sodium nitrate for wheat 
for the most economical returns. 
Moser (96) working in Indiana applied varying 
amounts of sodium nitrate to wheat in April and May on 
several different soil types. The results secured for the 
year 19S7 showed a net profit in the majority of cases. 
The divided application of nitrate, 50 poxmds per acre in 
April and 50 in May, gave the largest yield of any of the 
treatments used. In most cases he secured an increase in 
the protein content from the use of nitrate. The later 
applications caused a greater increase than the early 
applications, and the heavier applications were more 
effective in this respect than the small applications. He 
secured a slight increase in the weight per bushel from 
the treated grain. 
Grantham (56) of Michigan stated in 1929 that 
treatment of the soil prior to the wheat crop should more 
or less determine the choice of a fertilizer for wheat. 
He recommended using complete fertilizer mixtures in which 
the plant nutrients vary according to the soil type and 
previous treatment. For example, on a sandy soil without 
previous manurial treatment •— 200 pounds per acre of a 
2-12-6. When the sandy soil had been previously manured. 
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a 2-16-2. With no manure and a heavy soil, he reconnnended 
a 2-16-2 and with mantire on a heavy soil, an 0-20-0. 
The above partial review of literature indicates 
that different results may be expected from the use of 
sodium nitrate on different soils, under different climatic 
conditions and in different seasons. Consequently, the 
question livhether or not it will be profitable to use the 
nitrate on wheat in Iowa can be determined only by field 
trials on Iowa soils. Experiments with fertilizers for 
wheat in Iowa have not been very extensive and this work 
was planned with the object of obtaining some further 
information on the question. 
Experimental 
In the spring of 1929 two fields of winter wheat 
were selected for exjierimental work. One was on Shelby loam 
and the other on Waukesha silt loam. The results of the 
work on these two fields are given below. 
Field No. 1. Shelby Loam. 
The general plan of the experiment, which applies 
also for the other field, is given in table 35. 
On the Shelby loam field all plots were l/20 
acre in size. The second application of fertilizer was 
made June 6, at which time the grain had Just headed. 
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TABLE 55 
!PREATMf^ W'i'S USED FOR VyTEAT FERI'ILIZATIQH 
piot s ^roatraents 
Ho. i per acre basis 
1 Untreated 
2 100 lbs. MaHOs April 10 
3 100 lbs. HaBOg at beading time 
4 200 lbs. HaHOg April 10 
5 200 lbs. NaSOg at beading time 
6 100 lbs. NaHOg April 10 -t- 100 lbs. at heading time 
7 5b lbs, HallOs April 10 + 50 lbs. at heading time 
8 100 lbs. NaHOg + 120 lbs. superphosphate April 10 + 
100 lbs. NaHOs at heading time 
9 Untreated 
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At tlie time of the first treatment the soil had a ni­
trate content of 16«9 ppm, and a reaction of pH 5,36, 
The results of the experiment on the Shelby 
loam are given in table 36, 
Effect on Yield, 
The yields were somewhat erratic in some cases 
and it is probable that other soil or seasonal factors 
may have caused the inconsistent results. The average 
yield of the two check plots v/as 19,32 bushels per acre. 
The average yield of all treated plots was 21,6 bushels 
per acre. This is only a small increase over the checks. 
The average yield of those plots receiving an early 
application of nitrate was 22,1 bushels per acre, or about 
15 percent more than the yield of the checks. These in­
creases, although small, are significant and worthy of 
further consideration and study. 
Effect on nitrogen Contents 
The average nitrogen content of the grain from 
the check plots was 1,78 percent. The average nitrogen 
content of the grain from all treated plots was 1,88 
percent. The average nitrogen content of the grain re­
ceiving a late application of nitrate was 1,86 percent. 
These data show a small increase in nitrogen content due 
to nitrate fertilization. The heavier applications were 
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TABLB ^  
RESULTS OF FgRTILIZIHG WHEAT WITH SODIUM 
UITRATE OH SHELB? LOAM 
Plot J Bushsls s Poimd's ^ ; % nitrogen 
Ho, ! per acre : per Tjushel : In grain 
1 21.66 62»0 1.68 
2 21.78 65.0 1.88 
3 24.03 — 1.85 
4 25.41 63.0 2,05 
5 16.98 — 1.95 
6 23,07 — 1,82 
7 19.87 — 1.76 
8 19.96 64.5 1.93 
9 16.98 62.0 1,88 
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more effective in this respect than the lighter appli­
cations. The average nitrogen content of the grain from 
those plots receiving a total of 100 pounds per acre of 
sodium nitrate was 1.83 percent, and 1.93 percent from 
those plots receiving a total of 200 pounds per acre. 
Field No. 2. Wauke^a Silt Loam.-
The plan of the experiment for this field was 
essentially the same as for field No. 1, except that l/lO 
acre plots were used. 
The several treatments on this field e3diibited 
noticeable differences during growth. This is shovni very 
clearly in the photographs taken at the time of the 
second application of fertilizer, plates 1 to 6. 
The results of the experiment are given in 
table 37, 
Effect on Yield. 
These data are somewhat more regular than those 
secured on the Shelby loam field. The average yield on 
the check plots was 19.05 bushels per acre and the average 
yield on all"fertilized plots was 24.80 buehelB per acre, 
which is an increase of 32 percent over that on the check 
plots. The average yield on those plots receiving only 
100 pounds per acre of nitrate was 22.98 bushels per acre. 
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TABLE 37 
BESPLTS OF EERTILIZIKG YfflEAT WITH SODigM 
HITRATE OH WAITKESHA SILT LOAM 
Plot ; Busliels • Pounds : % nitrogen 
Ho. : per acre ft • per bushel : In grain 
1 19.05 60.0 1.73 
2 21,78 61.0 1.72 
3 22.68 61.0 1.92 
4 
C 
29.04 60.0 1.81 
O 
6 23.59 61.0 1.98 
7 24.50 61.0 2.00 
8 27; 22 61.0 1.85 
9 19.05 61.0 1.85 
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This is an increase of 26 percent over that on the checks. 
The average yield from those plots receiving 200 potinds 
per acre of nitrate was 26.62 bushels per acre, an in­
crease of 39.7 percent over that on the checks. This in­
crease is very significant and indicates possibilities of 
profitable results from the use of sodium nitrate as a 
fertilizer for wheat on this soil type. 
Effect on nitrogen Content. 
The average nitrogen content of the grain from 
the check plots was 1.79 percent, and the average nitrogen 
content of the grain from all treated plots was 1.88 per­
cent. On this field the early application of fertilizer 
did not increase the nitrogen content of the grain, but 
the late application produced an increased nitrogen 
content of 8.4 percent over that on the check plots. 
These data indicate that the later applications 
of sodium nitrate to wheat tend mainly to produce an in­
crease in the protein content of the grain and the early 
applications tend to produce an increase in yield. 
Summai*y and Conclusions 
The data given above show that on certain soil 
types in Iowa increases in the yield of wheat may be ex­
pected from top dressings with soditun nitrate. 
Prom these limited data it is difficult to 
decide which treatment may be the more profitable. The 
later applications were somewhat more efficient in in­
creasing the protein content of the grain and approximately 
equal in increasing the yield v/hen compared to the early 
treatments. However, there is more difficulty connected 
with applying fertilizer to wheat at the later growth 
stage. 
A top dressing of 100 or 200 pounds per acre of 
sodium nitrate to winter wheat in the early spring can be 
easily made and might be profitable. 
The increase in wei^t per bushel due to the 
fertilizer treatment was not sufficient on either soil 
type to be significant. 
The increase in yield produced by the fertilizer 
was of more significance than the increase in protein 
content. 
The returns secured from the use of superphos­
phate were not appreciable on either soil type studied. 
I 
Experiments with Oats 
Although the major crop in Iowa is corn, there 
is a sufficiently large acreage of oats that some infor­
mation would be very desirable concerning the advisability 
of fertilizing this crop. Accordingly an experiment was 
outlined v/hich included some greenhouse studies, some 
solution culture studies and some field studies. 
Previous e^qjeriments in this and other countries 
on various soils have generally shown that the yield and 
nitrogen content of oats can be increased by nitrogen fer­
tilization. It is to be expected that the amount of in­
crease in yield due to fertilization will vary according 
to the natural fertility of the soil. 
Wiley (146) in 1898 found that oats grown on 
moor soils contained about 25 percent more nitrogen than 
oats grown on ordinary uplsuid soils. He attributed the 
increased nitrogen content to the greater amount of nitrogen 
in the moor soils. 
Kruger (78) in 1905 fertilized oats with sodium 
nitrate and more than doubled the yield and nearly doubled 
the nitrogen content. He obtained 0.95 percent nitrogen 
for his untreated oats and 1.56 percent for his treated 
oats . 
BcQ-ashev (9) in 1926 and Kazakov (74) in 1926 
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in their reports of experimental work in Russia remarked 
on the very notable response of oats to nitrogen fertil­
ization. 
Ten Eyck et al, (133) used soditim nitrate as a 
top dressing for oats and barley at the rate of 180 pounds 
per acre. Their results were not very favorable for fertili­
zation as the nitrate treated oats on the better soils 
gave a lower yield than the untreated oats. On the poorer 
soils the nitrate produced a slight increase in yield. It 
is possible, however, that moisture was a limiting factor 
inntheir experiments. 
Thatcher and Amy (136) in 1917 secured en increase 
in the nitrogen content of oats from the use of sodium 
nitrate. They claimed also that oats following clover in 
a rotation had a higher nitrogen content than oats follow­
ing oats. 
Gericke (52) applied soditim nitrate to oats at 
varying intervals of time after planting. He secured 
the highest yield when the fertilizer was applied 90 days 
after planting, and the highest protein content when the 
fertilizer was applied 118 days after planting. 
Appleton and Helms (7) in 1925 while studying 
the rate of absorption of nitrogen from sodium nitrate 
by oats at different stages of growth, found that the 
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later applications of nitrogen were more efficiently and 
quickly used by oats than early applications and also pro­
duced higher yields. Helms (61) in Alabama studied the 
effect on the yield of oats by applying sodium nitrate at 
different stages of growth. His results are given in the 
following table: 
Rate of : Time of : Bushels 
application ; application t per acre 
200 lbs. Nov. 6 21.6 
200 lbs. Mar. 1 54.0 
200 lbs. Mar. 20 67.3 
100 lbs. Mar* 10 45.0 
100 lbs. Mar. 20 54.7 
These data indicate that the time of application may be 
fully as important as the amount applied, Rogers (109) 
made some similar studies in South Carolina and found that 
3 increments of sodium nitrate at 100 pounds per acre each 
produced an increase in the yield of oats of 16,3, 13.9 
and 12.9 bushels per acre respectively. He concluded that 
above 300 pounds per acre was not profitable on those soils 
and that between Feb. 15 and March 1 was the best time to 
apply the fertilizer. 
Buie et al. (21) experimenting with oats in 
South Carolina obtained the highest yields with 300 pounds 
per acre of sodium nitrate. When this amount was applied 
in March the yield was 5 bushels per acre more than when 
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it was applied at planting time, and 4 "bushels more than 
when it was applied in April, They obtained slightly 
higher yields with soditun nitrate than with any other 
nitrogen fertilizer used. Calciiam nitrate gave the second 
highest results. 
Ferris and Anderson (46) in 1927 in Mississippi 
found that January applications of nitrogen fertilizers 
were more effective on oats than February or March appli­
cations • 
White and Gardner (142) in Pennsylvania obtained 
marked increases in the yields of oats due to nitrate fer­
tilization, using sodium nitrate at the rate of 300 pounds 
per acre. They secured an increase in yield of 18 percent 
with nitrate fertilizers on Westmoreland soil and a some­
what smaller increase on Volusia soil. Their conclusions 
were that the increase in yield due to nitrogen fertilizers 
was a function of iiie nitrogen content of the soil. 
Schneidewind et al. (114) in 1920 made compar­
isons of different forms of nitrogen carriers as fertili­
zers for oats and found very little choice between ammonia 
and nitrate nitrogen, although none of the other forms 
surpassed the nitrate form. In general the sodium nitrate 
gave slightly lower yields and a slightly hi^er nitrogen 
content than the oliier fertilizers tried. 
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Haselhoff et al. (60) tested tlie action of 
several different fertilizers on various crops. Their 
results failed to stiow much choice in the form of nitro­
gen for oats* They secured slightly better resTilts from 
the atnnionia form than froiii the nitrate form* Sibbe (120) 
in 1929 tested the action of sodim nitrate on several dif­
ferent crops and compared it with nitrophoska, emmonium 
sulfate and other nitrogen carriers. He concluded that a 
physiologically acid fertilizer v;as to be preferred for 
oats as they had a preference for a slightly acid soil. 
This conclusion might, however, need to be modified depend­
ing on the acidity of the soil under investigation. 
The above partial i?eview of literature shows 
that there may be possibilities of appreciably increasing 
either the yield of oats or their protein content with 
proper fertilization. These possibilities were tested for 
some Iowa soils in the follov/ing experiments. The experi­
ments were planned to obtain some data on the effect of 
sodium nitrate applied in different amounts and at dif­
ferent times on the yield and protein content of oats. 
Greenhouse Experiment with Oats 
The greenhouse work was started January 7, 1929. 
gjig^Lby loam soil was potted in xour—gallon earthenware 
pots and the fertilizer was applied in solution on an area 
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basis. Oats were planted at a •uniform depth and after they 
were well started, they were thinned out to 15 plants per 
jar. The general Iplan of the experiment with the treat­
ments used is given in table 38. The soil at the beginning 
of the experiment contained 10 ppm. of nitrate nitrogen. 
The oats were kept watered and allowed to grow 
to maturity before they were harvested on May 28. The grain 
from pots 8, 8A, 9, sutid 9A was somewhat earlier maturing 
than that of the other pots and was damaged by sparrows 
and had to be harvested green. Consequently, the yields 
from these pots are not representative of the treatments. 
The earlier maturity is shown quite clearly in the photo­
graph (Plate 7) which was taken April 12. 
The results of the experiment are s\«araarized in 
table 39» Since all treatments were in duplicate, the 
results as given are the averages of duplicates. 
Effect on Yield. 
As stated above, the grain on the superphosphate 
treated soil was badly damaged and was much lower than 
otherwise would have been the case. However, the amount 
of straw produced from these treatments indicates large 
returns from the use of phosphate for oats on this soil. 
The somewhat irregular results on the nitrate treated 
soils is h6a?d to explain, particularly the low returns 
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TABLE ^  
GREENIiOUSE EXPERIMENa' WITH OATS ON SHfiLBY LOAM 
Pot z Treatments 
]Jo. ; per acre "basis 
.1 & lA Untreated 
2 & 2A - 100 lbs. HaHOs Jan. 7 
3 & 3A 100 lbs, NaHOg March 10 
4 & 4A 100 lbs. NaNOs April 22 
5 & 5A 200 lbs. NaW05 Jan. 7 
6 & 6A 200 lbs. NaNOs March 10 
7 & 7A 200 lbs. SaHOs April 22 
8 & 8A 200 lbs. KaNOs + 120 lbs, superphosphate Jan. 7 
9 & 9A 120 lbs. superphosphate Jan, 7 + 200 lbs. 
NaHOs Barch'lO 
10 & IDA 50 lbs, NaUOs Jan, 7 + 50 lbs. Mai'ch 10 
11 & llA 50 lbs. NaNOg Jan, 7+50 lbs. April 22 
12 & 12A 50 lbs. HaUOs Jan. 7 + 100 lbs. March 10 + 
50 lbs. April 22 
13 & 13A 100 lbs. NaN03 Jan. 7 + 100 lbs. Ivlarch 10 
14 5: 14A 100 lbs. KaN03 Jan. 7 + 100 Ibp, April 22 
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TABLE ^  
RESULTS OP GREENHOUSE EXPERISIEHT WITH OATS OH SHELBY LOAM 
Pot 
NO, 
: Total "weight of 
J plants. Grams, 
: Total v/eigjat of j 
: sraln. Grains. ; 
^ nitrogen 
in ffrain 
1 60»25 13,55 2.43 
2 60.00 11.65 2.79 
3 64.25 16.55 2.49 
4 52.25 15.26 2,70 
5 68.00 17,35 2.52 
6 85,00 21,92 3.19 
7 71.75 16,12 3,03 
8 87.00 16,38 1.84 
9 77.50 13,85 2,61 
10 62.50 10,38 2,79 
11 Qo^ 50 17,65 2,43 
12 52.58 13,42 2.65 
13 66.00 11,75 2,85 
14 58.00 10,48 5,03 
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from pots 2, 12, and 14. However, the average results from 
all pots treated with nitrate without superphosphate was 
64.00 grams per pot. This is womewhat higher than the check. 
The March treatment seemed fully as effective as the 
earlier treatment. 
The late applications of nitrate on pots 4, 7, 
and 14 tended to delay maturity and caused a second 
growth of new shoots to start. This probalby accounted 
for the low results in grain yield from these treatments. 
Effect on Mitrogen Content. 
An analysis of the data shows that the nitrate 
treatments xinquestionably increased the nitrogen content 
of the grain. There is not much evidence, however, that 
the later treatments were particularly more effective than 
the earlier treatments. For example, the average nitrogen 
content of the grain from pots 4, 7, 11 and 14 was 2.79 
percent, which was almost identical with that of the grain 
from pots 3, 6, 10 and 13. The abnormally low results from 
pots 8 and 9 were undoubtedly due to this grain being 
damaged and harvested prematurely. The heavier treatments 
were sligihtly more effective than the lighter treatments. 
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Culture Solution Experiment with Oats 
It has been demonstrated by various investigators 
that a great many varieties of plants may be grown with 
normal development in culture solutions if the proper 
balance of salts can be maintained. Since the nutrient 
conditions can be fairly closely controlled with culture 
solution work, it offers a means of testing the action of 
certain individual nutrients on plant growth, which cannot 
be done with soil experiments. Consequently, many workers 
have taken this means of attempting to explain the pre­
ference of plants for some certain nutrient or the better 
adaptability of some nutrient over another for plant growth. 
Kruger (78) used sand cultures which had been 
previously sterilized for testing the relative effects of 
ammonia and nitrate nitrogen on various crops. His results 
indicated that plants differed in their preferences. 
Turnips decidedly preferred the nitrate form, potatoes 
preferred the ammonia form, whereas oats and barley did 
not manifest much preference between the two forms. 
Burd (22) has shown from culture solutions with 
barley that the final growth seems to be closely correlated 
v/ith the amount of nitrogen and potassium furnished during 
the first 9 v/eeks. The plant used these nutrients after 
that date but not nearly as extensively as earlier. 
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Hoagland (64) working also with barley in solution cul­
tures found that the first 8 to 10 weeks was the most impor-
tnat stage in which the nutrient salts should be at an opti-
mtm, and that nitrogen was used vei^ rapidly during this 
stage. He found though that the total supply was more im­
portant than the concentration. Any concentration from 0.6 
to 2.0 atmospheres seemed to give about equal results. 
Brenchley and Thornton (16) and also Sommer (128) empha­
sized the need of some of the rarer minerals such as boron, 
zinc and manganese in small quantities for certain plants. 
Clements (26) considered from his solution culture work 
that the absorption of nitrogen by plants was markedly 
influenced by the amount of mono-potassium phosphate in 
the solution and the general physiological balance of 
salts. Cooper and Y/ilson (32) in 1927 attempted to explain 
the need of plants for certain minerals and the lack of 
effects from others as being due to an unbalanced condi­
tion of the positive and negative ions in the culture solu­
tion; and that some plants showed a preference for a high 
concentration of high oxidation potential ions, whereas 
other plants preferred low potential ions. 
Jones and Pember (71) working v^ith oats in soil 
and culture solutions found that about the same amount 
of nitrogen was required for optimum grov/th in the water 
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cul"fcu3?©s as in the soil cultures# They estimated that 
oats shoiad have about 0,6 to 0.7 percent nitrogen in 
their dry matter if they are making optimum or slightly 
sub-optimum growth# 
Jones and Skinner (69) did not v/ork with oats 
but found that corn and soybeans used ammonia nitrogen 
faster up to 3 weeks old and nitrate nitrogen faster after 
they were 6 weeks old. Hitrates were used faster when the 
solution Y/as made more concentrated in this ion, but 
concentrating the ammonia solution did not change the rate 
of absorption of the ammonia nitrogen. The mors vigorous 
the plant appeared, the more preference it seemed to have 
for the nitrate form of nitrogen. 
Truog et al. (137) using both field experiments 
and sand CTiltures found that nitrate nitrogen was superior 
to ammonia nitrogen for oats. Session and Shive (118) 
found somewhat similar results with their solution studies 
with oats. They found that oat plants were affected differ­
ently by the same culture solution depending on the age of 
the plant. A solution of a high amir,onia content appeared 
to be beneficial to young seedlings but was increasingly 
harmful as the plants advanced in age. For their work they 
used a 4-salt solution of KH2P04r (^24)2^^4* Ca(HCB )£ 
MgS04 in a total concentration of one atmosphere. They 
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arranged solutions in whicli each salt was varied "by 
increments of 0.2 of tbe total concentration. 
In the work reported here no attempt was made 
to find an optimum solution for the growth of oats, but 
merely to test the relative effect of sodium nitrate and 
annnonium sulfate when used as the sole sources of nitro­
gen in the solutions. 
The first series was started Inarch 15, 1929, 
Oats seedlings were sprouted on paraffined mosquito 
netting over tap-water and when they were about 2 inches 
high they were transferred to the solution cultures in 
qiiart fruit jars. The seedlings were held in place by 
cork stoppers supporting 5 plants per Jar. Sixty cultures 
were started and divided into two sets of 30 each. One set 
was furnished nitrogen only as sodium nitrate and the other 
set was furnished nitrogen only as ammonium sulfate. The 
other salts v/ere identical in each culture. 
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Ki© foimila used in making the solutions is as 
follows: 
Salt Grams per liter 
HgBOg 
MnSOA 
WaCl 
ZI 
KH2PO4 
MgSO. 
CaSO^ 
CaCl2 
{llH4?pS0, 
KgH?0| 
Ferric citrate 
0.3 (for nitrate solution only) 
0.2 (for ammonia solution only) 
0.2 
0.2 
0.2 
0.1 
0.1 
0.025 
0»5 ppm. 
1.0 ppm. 
50.0 ppin. 
0.25 ^  
GuSO, 
Water glass 
trace 
trace 
The ferric citrate solution was made fresli each 
week. At the end of 8 weeks the total nitrogen content of 
the solutions was found to he inadequate for the needs of 
the plants and was doubled. 
The plants were dried, weigihed and analyzed for their 
total nitrogen content. The solutions were analyzed for 
the amount of nitrogen removed according to the method 
suggested by Davis son and Parsons (36). At the end of 
6 weeks two cultures of each set were transfejrred to the 
opposite culture solution and allowed tb grow to maturity. 
New solutions were supplied each week for all cultures. 
Two cultures of each set were harvested each week 
In order to recheck the first 3 weeks growth. 
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a new series was started April 22. On May 8, a pliotograpli 
was taken of representative plants of each culture, those 
of the first series being 8 weeks old and those of the sec­
ond series being 2 weeks old. These are shown in plate 8* 
The plants were all harvested on May 26. The 
weight of the plants from the two cultures harvested, the 
date of the harvest and the percent nitrogen in the plants 
is given in table 40• 
The grain from the cultures allowed to ripen 
was harvested separately and did not show as great a 
difference as did the straw. The amount of grain for two 
cultures of the nitrate plants was 2,96 grains containing 
4,52 percent nitrogen, and the armonia solution plants 
produced 2.06 grams containing 3,58 percent nitrogen. The 
very high total nitrogen content in all samples indicated 
an unbalanced condition of this nutrient in the culture 
solutions but the differences may show some tendencies of 
growth. 
The plants grown the first 6 weeks in the nitrate 
solution and then 6 weeks in the ammonia solution pro­
duced for the two cultures 21,00 grams of straw contain­
ing 1,17 percent nitrogen and 4,38 grains of grain contain­
ing 3,73 percent nitrogen. The plants grown the first 
6 v/eeks in the ammonia solution and then 6 weelcs in the 
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TABLE 40 
RESULTS OF CTJLTUHE SOLUTION EXPERIMENT WITH OATS 
Date of : Mitrate plants ; Ainmonla plants " 
sampling:tos. plant per:percent :Gnis. plant perspercent 
; two cult-ores :nltrosent two caltrires tnltrogen 
March 15 
March. 21 
March 27 
April 3 
Aorf. 1 11 
April 17 
April 24 
May 1 
May 8 
May 16 
May 26 
0.200 3.88 0.200 3.88 
0.238 3.63 0.338 3.74 
0.663 3.67 0.593 3.63 
1.258 3.52 1.596 3.88 
3.210 3.44 2.465 2.92 
7.400 2.86 4^350 2.79 
11.380 6.910 2.54 
18,150 2.83 6.310 '^.32 
27.120 2.59 9.220 2.22 
26.960 2.15 9.600 2.03 
36.800 2.01 12.550 2.04 
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nitrate solution produced for the two cultures 16.70 
grams of straw containing 1»50 percent nitrogen and 
1.15 grams of grain containing 3.30 percent of nitrogen. 
It is not contended that the data from one set 
of cultures such as this would permit conclusions, but it 
may show some indications. For the first 3 weeks of groir/th 
the ammonia solution appeared to be the better of the tv/o, 
but for the whole growing period the nitrate solution 
appeared to be much better than the ammonia solution, 
provided only a single form of nitrogen was supplied. 
TSIhere the cultures v/ere changed from one solution to the 
other at 6 weeks age, the best arrangement seemed to be 
to have the earlier growth in the nitrate and the later 
growth in the ammonia. This arrangement also seemed to be 
much better for grain production. In general it appeared 
that more than one form of nitrogen would be much super­
ior to either form used alone. 
A check of the amount of nitrogen lost from the 
solutions showed some slight discrepancy from that found 
in the plant material, but this error v/as approximately 
the same for each set and was likely due to the methods 
of analysis. 
During the winter of 1930 another series was 
started using the same culture solutions but none of the 
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plants were harvested iintil the end of 12 weeks. In this 
series the nitrate solution showed still greater super­
iority over the ainiaonia solution. 
Field Experiment with Oats 
The field experiment with oats was planned to 
approximately duplicate the greenhouse experiment. A field 
of Carrington loam v;as selected and l/20 acre plots were 
used. Tlie fertilizers were applied broadcast by hand, the 
first application being made just prior to seeding, the 
second just as the oats were starting to head, and the 
third when the grain was in the milk stage. 
The plan of the e3q)eriment is given in table 41. 
Tlie effect of the fertilizers was very noticeable early in 
the growth of the plants . At harvest time the straw on 
plot 8 was slightly over 4 feet tall and that on the check 
plots was approximately 2 feet tall. There was some dif­
ference in the rate of maturity but not sufficient to be of 
much significance. The results of the experiment are given 
in table 42, 
Effect on Yield. 
The average yield on the two check plots was 
34.16 bushels per acre. Plot 8 which had the early treat­
ment of nitrate plus superphosphate yielded slightly more 
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TABLE 41 
FIELD EXPERIDffiHT WITH OATS ON CARRCTQTON LOAM 
Plot T 
Ho, ; 
1 Untreated 
2 100 lbs. NaKOs April 26 
3 100 lbs. HaNOg Jun© 17 
4 100 lbs. HaHOg JVLLJ 1 
5 200 lbs. KaNOs April 26 
6 200 lbs. NalfOs June 17 
7 200 lbs. NaHOs ^ uly 1 
8 200 lbs. NaNOg + 120 lbs. superphospihate April 26 
9 120 lbs. superphosphate April 26 + 200 lbs. 
HaHOs June 17 
10 50 lbs. HalfOs April 26 + 50 lbs. July 1 
11 50 lbs. HaHOg April 26 + 100 lbs. June 17 + 50 lbs. 
July 1 " 
12 100 lbs, HaMOs April 26 + 100 lbs. June 17 
15 100 lbs. HaHOg June 17 + 100 lbs. July 1 
14 100 lbs. SlajJOs April 26 + 100 lbs. July 1 
15 Untreated 
Treatments 
per acre basis 
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TABLS 42 
RESULTS OF FIELD EXPERII/EHT WITH OATS OH CARRINGI'ON LOAM 
Plot s busliels * • potmds ; percent 
Ho, J per acre • • per bushel : nitrogen 
1 29,23 31.0 1.73 
2 66.33 32.0 1.81 
3 52.75 35.0 1.94 
4 34.03 34.5 2,02 
5 44.20 35.0 2.18 
6 32.31' 33,5 2.06 
7 40.84 33.0 2,06 
8 78^00 36.0 2,48 
9 39.10 35.5 2,24 
10 36.78 32.5 1.88 
11 44.20 34.5 1,93 
12 52.75 34.0 1.97 
13 40,84 33.0 2,04 
14 57.85 33.0 2.04 
15 39.10 33.0 1,84 
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than double this amount. IStiis plot showed a large mar­
gin of profit from the use of the fertilizer. The quality 
of the oats from plot 8 v/as also decidedly better both in 
weight per bushel and in percent of nitrogen than that on 
the check plots. Prom the results on plot 9 it may be 
concluded that superphosphate alone is not sufficient to 
produce lauch results on oats on this soil. Assuming that 
the total increase in yield on plot 9 was due to the super­
phosphate, it amounted to but approximately 5 bushels per 
acre, whereas the phosphate plus the nitrate produced 44 
bushels per acre increase in yield. The average increase 
in yield from plots 2, 12, and 14, each of which x'oceived 
an initial application of 100 pounds per acre of sodium 
nitrate, was approximately 25 bushels per acre over the 
checks. The average increase in yields from plots 10 and 
11, each of which received an initial application of 50 
pounds per acre, was approximately 6.5 bushels per acre 
over the checks. The average increase in yield from plots 
3, 4, and 13, each of which received 100 pounds per acre 
of sodiiim nitrate but no early application was approxi­
mately 8.5 bushels per acre over the checks, or about 
equal to the results of the 50 pound early application. 
The late application of 200 pounds per acre on plots 6 
7 was but slightly better than that on the checks. 
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There was some tendency towai»d a late straw growth and 
a lack of setting of grain on these two plots. 
Effect on Hitrogen Content 
The average nitrogen content of the grain from 
the check plots was 1.78 percent and of that from all 
treated plots was 2,05 percent. This shows that the nitrate 
unquestionably increased the protein content of the grain. 
!nxe amount of increase in the protein content produced by 
the fertilizer seemed to be more a function of the amount 
applied rather than of the time of application. The early 
and late applications had about an equal effect on the 
protein content; but the 200 potmd treatments were consid­
erably more effective than the 100 pound treatments. The 
heavier nitrate applications produced a sli^tly heavier 
grain, although not as significant as the increase in 
protein content. There did not seem to be any particular 
advantage in dividing the application. 
Conclusions 
The data as a whole indicate that an application 
of 100 pounds per acre of sodium nitrate was all that 
could be profitably used on this soil for oats unless 
superphosphate was used in addition. Superphosphate alone 
seemed to be of little value. Yilhen superphosphate was 
used applications of sodium nitrate at the rate 
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of 200 pounds per acre appeared to be worth v/hile. The 
earlier applications of nitrate were in general much bet­
ter than the later applications, as they were just as effee 
tive in producing an inc3?ease in protein content and much 
more effective In producing an Increased yield. 
The data from both the greenhouse and field 
experiments show that the protein content of oats may be 
increased by nitrate fertilization. The late applications 
were slightly more effective In this respect than the 
early applications, but not sufficient to compensate for 
the greater increase in yield f^om the early applications. 
Although in general the protein content of the grain 
produced in the field was much lower ttian that of the 
grain produced in the greenhouse, the trend of results is 
similar. 
The results secured in the field work on 
Carrlngton loam in this experiment were probably excep­
tional due to a late wet spring and other seasonal factors 
and might not be duplicated another year, but they are 
worthy of consideration. 
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Siammary 
1. Two series of experiments were conducted for testing 
the effect of sodium nitrate as a fertilizer for oats, 
One was on Shelby loam under greenhouse conditions and the 
other on Carrington loam "under field conditions. 
2. The results of both series indicated that early appli­
cations of aodium nitrate to oats may appreciably increase 
the yield. 
3. Early applications were more effective in producing 
an increase in yield than the late applications. 
4. The late applications in both cases showed a tendency 
to produce a late straw growth and prevent maturity. 
5. In tiae greenhouse the late applications were more 
effective in increasing the protein content than ttae 
early applications, but in the field the amount of fer­
tilizer applied was more significant than the time of 
application. 
6m Both early and late applications of the nitrate pro­
duced an increase in the protein content of the grain. 
7. In the field large retxims were secured from the use 
of superphosphate when it was applied with sodium nitrate. 
Superphosphate in the greenhouse was somewhat less effec­
tive . 
T154-
8» Inhere sodium nitrate was used alone, 100 pounds per 
acre seemed to be all that could be profitably used; but 
where superphosphate was also used, 200 pounds per acre 
seemed to be advantageous. 
9. Some work with culture solutions seemed to indicate 
that nitrogen in the form of nitrate might be much better 
for oats than nitrogen in the form of ammonia. 
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Egperlments with Com 
The large acreage of corn in Iowa and other 
middle west states and its importance in the agricultural 
program in this section of the coimtry has led to a con­
siderable amount of study of. methods of increasing the 
yield and quality of com. Fertilization is one of sev­
eral methods which may he employed to improve the yield or 
quality of com, and It may he that further information 
on the value of sodium nitrate as a fertilizer for corn 
will be worth while. 
The use of nitrate aa a fertilizer is not a new 
problem, Kimberly (77) as early as 1839 mentions the use 
of salt peter as a fertilizer which increased the yield of 
com 8 to 12 bushels per acre and produced good returns 
on clover, 
Schweitzer (115) at the Missouri station in 
1888 made some studies on the composition of different 
parts of the com plant at different periods of growth with 
the object of tbus being able to determine the fertilizer 
needs. He concluded that the plant takes nearly all of 
its ash ingredients during the early stages of growth, nitro 
gen being absorbed very rapidly during this early growth 
period. He found the highest percentage of nitrogen in the 
ears on September 10. 
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McBryde (89) was one of the first investi­
gators in the United States to teat the action of sodium 
nitrate as a fertilizer for corn. In South Carolina in 
1889 he used sodium nitrate at the rates of 120 pounds 
and 240 pounds per acre as side dressings for corn. These 
applications produced good increases but he claimed that 
stable manure or dried blood were equally as good. Maze 
(88) compared sodium nitrate and ammoniTim sulfate for com 
and foimd that they were about equal as fertilizers. He 
claimed that these fertilizers increased the yield of corn 
but decreased the nitrogen content. 
Whitney (143) in 1910 summariaed the data from 
6,394 fertilizer experiments with corn which had been 
made during the previous 35 years. Two hundred forty-nine 
of these eaperiments were with sodium nitrate. He found 
from these 249 tests that there was a probability of secur­
ing an increase in yield fvam. the use of the fertilizer, 
the ratio of probability beiaag 2.3 to 1. However, the 
average net loss from the use of the fertilizer was |3.06 
per acre. If superphosphate was used in addition to 
sodixm nitrate, the net loss was reduced to $0.40 per acre. 
On the average, the better soils showed about as large 
increases as the poorer soils. 
Williams (147) working in North Carolina in 1913 
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experlmented with sodium nitrate and other fertilizers 
for com. He conQjared broadcast with drill applications, 
deep with shallow, and divided with single applications. 
His conclusions were that the host method of application 
was to drill the fertilizer in the row about 1 inch below 
the seed. This metiiod gave considerably better results 
than the broadcast applications. When he drilled the fer­
tilizer about 4 or 5 inches below the seed, the results 
were about equal to the sxirface applications. The divided 
nitrogen applications, with the first addition at planting 
time and the second about July 1, gave somewhat better 
yields than the siixgle application, althou^ in this respect 
he claimed that much depended upon the soil type. On the 
heavy soils there was less advantage in dividing the appli­
cation than on the lighter soils. 
Duggar and Williamson (41) (42) in Alabama found 
that nitrate of soda applied to corn when it was 2 to 3 
feet high gave economical returns on plots previously 
treated with phosphorus and potassiTim. They secured 71 
percent profit from soditim nitrate and 39 percent profit 
from cotton seed meal. For the most economical returns, 
they recommended applying the sodium nitrate when the corn 
was 2§ to 4 feet high. Cauthen and Williamson (23) some 
years later studied the time of applying sodium nitrate 
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to corn in Alabama. They obtained the largest increase in 
yield, 7,5 bushels per acre, from a aide dressing of 120 
pounds per acre if it was applied when the corn was about 
2^ feet high« When double this amount of fertilizer was 
used, the best results were obtained with one half of it 
applied at the 2^- foot stage and the other half applied 
at tasseling time. For a three year average this treatment 
gave 11.9 bushels per acre increase. From 11 experiments, 
using sodium nitrate at the rate of 100 pounds per acre, 
they obtained the highest yield, which was 5.7 bushels 
per acre, if it was applied at the foot stage. They 
concluded also that sodium nitrate was better than an 
equivalent quantity of cotton seed meal. Williamson et al, 
(149) in some later work in Alabama fertilized corn with 
sodium nitrate, cotton seed meal, kainit, and superphosphate 
alone and in combinations. They found that the use of 
sodium nitrate was profitable on all soils studied, and 
that the use of superphosphate or of kainit was not profit­
able when used with sodium nitrate. Their results showed 
that the best time to apply the nitrate was 6 to 6 weeks 
after planting and that there was no advantage in divid­
ing the application, 
Rogers (109) at South Carolina found similar 
results to those secured in Alabama. In all of his tests 
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the applications when the corn was knee hi^ gave the hest 
returns. He found that even with as heavy applications as 
300 to 400 poTxnds per acre, one application at the knee-
hi^ stage was just as good as dividing it and putting 
half of it on later. His results indicated that 200 pounds 
per acre was the most economical amount to use. 
Jones and Huston (72) in Indiana attempted to 
determine the fertilizer needs of com by studying its 
composition at various stages of growth. Their results 
did not entirely coincide witii the findings of Schweitzer 
and others. They foiand that all minerals in the plant 
increased uniformly up until ahout Oct. 1. Potash moved 
from the vegetative portion into the ear during the later 
stages of growth. Hitrogen increased rapidly in the whole 
plant from August 28 to October 8, although it decreased 
in the stalk. Their results indicated a necessity for an 
abundant aupply of plant nutrients all throu^ the grow­
ing season. 
Lipman and Blair (85) using cylinder experiments 
in Hew Jersey tried several forms of nitrogen fertilizers 
on a crop rotation of com, oats, oats, rye and timothy. 
The best returns secured in 15 years of trials were with 
sodium nitrate at the rate of 320 pounds per acre plus 
fresh barnyard manure. This same fertilizer combination 
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also gave the largest average nitrogen yield for all crops. 
They secured a much better nitrogen recovery with sodium 
nitrate than with manure alone and the highest percentage 
of nitrogen recovery was with sodium nitrate alone. The 
average recovery of nitrogen on the basis of 100 for 
sodium nitrate was 65.9 for ammonium sulfate, 60.7 for 
dried "blood and 49.1 for fresh manure. 
Duley and Miller (43) in Missouri in 1921 
studied the effect of supplying nitrate to corn at various 
stages of growth using sand cultures. They divided the 
growth period into three 30-day stages. The second stage 
was the most important, with respect to the vegetative 
growth and the ear formed in the third stage. They found 
that the growth of tops was increased "by an optimum 
supply of nutrients in any stage of growth. A low nutrient 
supply, especially in the last stage, tended to cause an 
increased root development. At maturity with a minimum 
nutrient supply, the roots were 61.18 percent of the 
total dry matter and with an optimum nutrient supply they 
were 12.29 percent. The ear production was determined mainly 
by the nutrient supply during the third stage of growth. 
Normally one-half of the total nitrogen was contained in 
the ears, but, a minimum supply of nutrients produced an 
increased percentage of nitrogen in the roots. 
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Ellett and Wolfe (46) In the report of their 
work in Virginia claimed that sodiiun nitrate alone on com 
gave an increase in yield varying from none to 9.38 
bushels per acre, whereas sodium nitrate plus superphos­
phate gave 19•48 bushels increase. There was a small in­
crease shown in the percentage of marketable corn due to 
the fertilizer. They claimed, however, that manure and 
superphosphate were the only fertilizers that gave consis­
tent gains. Later Wolfe (151) found that the same fertil­
izers which gave increased yields of corn also gave favor­
able results on ear characteristics such as circumference 
of the ear, depth of kernel, length of ear, dryness, etc. 
Millar (92) in Michigan fertilized com v/ith a 
3-10-4 complete fertilizer at 200 pounds per acre in the 
hill and 400 pounds per acre.: broadcast. His results 
showed that hill fertilization did not particularly influ­
ence root development, but did tend toward producing 
earlier maturity and some increased yield. Rainfall var­
iation might considerably influence the results secured 
from this type of an experiment. Smith and Harper (124) 
applied ammonium sulfate to corn by mixing it v/ith a 
small amount of soil close to the hill. They found that 
such fertilization tended to increase the root development 
of the corn. They repo3Pted that eight weeks after applying 
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the fertilizer no evidence could "be found of any being 
left in the sd il and a check of the total nitrogen content 
of the plant showed amounts absorbed several times that 
applied as fertilizers. 
\'Shite (141) in 1925 reported the results of 40 
jears fertilizer testa in which he discussed the ccaapara-
tive value of ammonium sulfate and sodium nitrate on a 
crop rotation of com, wheat, oats and hay. His results 
showed that for those soils, sodium nitrate was superior to 
ammonium sulfate in maintaining the fertility, unless lime 
was used in addition to the ammonium sulfate. In the great­
er portion of the experiments which he discussed the 
amounts of fertilizer used were excessive and not compar­
able to ordinary applications. 
Skinner and Buie (121) reported slightly better 
results on corn in South Carolina from sodium nitrate than 
from sevei»al air-nitrogen products which they tested. They 
concluded from their work that for both com and cotton 
a mixed fertilizer with several d3.fferent forms of nitrogen 
was better than a single form, 
Moser (96) in Indiana applied sodium nitrate to 
com at different times during its growth period and found 
that all July applications increased the protein content 
of the com and generally Increased the yield. He reported 
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tliat an application of 50 pounds per acre in July gave an 
average net profit of §2.45 per acre. Heavier applications 
gave sligihtly higher yields but less net profit. He secured 
negative results from small early applications applied 
either in the row or broadcast at planting time. 
Salter (113) in commenting on the high yields of 
com secured by Marshall of Ohio, reported that a 50 pound 
application of sodium nitrate at planting time and a side 
dressing of 150 pounds per acre vyhen the com was about 
1 foot high produced a yield of 176.22 btishola per acre, 
whereas the check which received only phosphate and potash 
yielded 88 bushels per acre. This soil was of course in a 
very high state of fertility and sufficient phosphorus and 
potassium were used so that they were not limiting factors. 
These various essperiments which have been re­
ported from different portions of the country and on 
many soils show quite clearly that the results which may 
be secured from the use of sodium nitrate as a fertilizer 
for corn will vary according to the soil and climatic 
conditions. As a general rule this fertilizer has proved 
profitable in the eastern and southern states. Under 
certain conditions where the moisture and other nutrients 
are not limiting factors, its use has proved profitable 
in the middle west states. 
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Brown and Mendell (20) in 1927 secured small in­
creases in yield on certain soil types in Xowa "but their 
results were not sufficiently conclusive for definite 
reconmendations. The author (105) in same previous work 
in Iowa on some of the more productive soils was unable to 
demonstrate any consistent increases in either the yield 
or the protein content of com from sodium nitrate fer­
tilization* Truog et al. (137) in discussing this question 
from the viewpoint of Wisconsin soils, claimed that if the 
soil would produce 60 to 75 bushels per acre, no results 
could be expected from the use of fertilizers except under 
intensive cultivation; but that if the yield was naturally 
40 to 50 bu^els per acre, fertilization might be profit­
able. Thoy concluded that ammonia nitrogen was superior to 
nitrate nitrogen for com. 
Field Experiments with Com 
on Minor Soil Types 
3ja the spring of 1929 it was decided to test the 
effect of sodium nitrate on com on several different soil 
types in Iowa, and particularly on some of the less produc 
tive types. Accordingly several fields were selected in 
different parts of the state on which these tests could be 
made. 
Foiar plots 28 x 155'| feet, with a border strip 
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7 feet wide between plots, was established on each field. 
Across one end of each of the plots,so as to include one-
half of each plot, superphosphate was applied at the rate 
of 120 pounds per acre. The arrangement of the Plots is 
given in the following diagrams 
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The number 1 plots received sodium nitrate at 
com planting time at the rate of 100 pounds per acre. The 
number 2 plots received two 50 pound applications, the first 
at corn planting time and the second about July 1. The num­
ber 3 plots received 100 pounds per acre about July 1. The 
number 5, 6 and 7 plots received the same nitrate treatments 
respectively as the ntamber 1, 2 and 3 plots and superphos­
phate in addition. The number 4 plots were untreated and 
the nxamber 8 plots received only superphosphate. All fer­
tilizer applications were made broadcast by hand. 
Plots v;ere located on 16 different fields, 
including 9 different soil types. In harvesting the corn 
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from these plots, the center half of each plot v/as 
picked and weighed separately. The yield per acre was then 
calculated on a basis of either 75 or 80 pounds per bushel 
of com depending on the state of dryness. In an attempt 
to cow^BTB all plots on a uniform basis a perfect stand was 
harvested for each plot; i. e., whenever a missing hill was 
encoiantered, a hill was picked from an adjoining row to 
make up for the deficiency. This method tended to give an 
apparent yield a little higher than the actual yield but 
was more imiform for all plots. On field IX at Waverly 
the number of missing hills was rather excessive and the 
results are consequently misleading. 
At harvesting time some samples of com were <> 
taken from plots 1, 3 and 4 on several of the fields and 
analyzed for their total nitrogen content, with the object 
of determining if the different treatments materially 
affected the protein content of the corn. 
Unfortunately it was not possible to obtain 
results from all of the fields as the plots in some cases 
were damaged by stock or otherwise destroyed so that 
harvesting them was either impossible or useless. 
The location of the fields, the soil type, the 
yields secured and the nitrogen content of such samples 
as were taken are given in table 43. 
RESULTS OP EXPERIMENTS WITH SODIUM HITHATE AS A FERTILIZER 
FOR CORN ON DIFPSRENT SOIL TYPES 
«• 
Pielli ; Location : Soil Typo Plot Bu. per : Percejat 
No. : : No. Acre : Nitrop;en 
1 
• 
34.0 : 2.00 
2 35.0 
3 36.0 2.03 
I : Everly : O'Heill Loam 4 35.7 1.91 
5 28.7 — 
6 33.0 
7 37.5 
8 38.7 
II : Milford . ; 0*Heill Loam Not harvested 
1 35.3 
1 CO GO •
 
H
 
i i 1 
2 33.3 
3 31.7 1.88 
III : Milford : Pierce Pine Sandy Loam 4 29.3 1.71 
5 30.6 , 
6 31.7 
7 32.6 
8 31.3 
1 36.7 1.60 
2 35.2 
3 34.7 1.68 
IV •: Superior ; Clarion Loam 4 33.2 1.68 
5 34.0 
6 29.0 
7 32.0 
8 34.0 
1 32.6 1.67 
f 
• i 
1 
i 
1 
! 
i 
I j 
I 
s 
i 
i 
i 
! 
i 
I 
—* 1 36.7 1.60 
2 35.2 
3 34.7 1.68 
IV •: Superior : Clarion Loeza 4 33.2 1.68 
5 34.0 
6 29.0 
7 32.0 
8 34.0 
1 32.6 1.67 
2 32.0 
3 30.3 1.69 
V i Ruthven : Carrington Fine Sandy 4 29.3 1.77 
Loam 5 26.3 
6 30.3 
7 33.0 
8 36 ..6 
VI : Hudson : Waukesha Loan Not harvested 
VII : Floyd : Lindley Silt Loam Not harvested 
1 51.8 
2 54.5 
3 52.6 
VIII : Marion : Clinton Silt Loam 4 35.8 
5 61.2 
6 64.0 
7 56.5 
8 50.0 
1 71.0 
2 68 i2 
3 60.0 
IX : Waverly : Carrington Sandy Loam 4 66.9 
5 71.6 
6 74.8 
7 70.1 
8 78.0 
X : Independence : Carrington Sandy Loam Hot harvested 
MRfssesss? 
I 
i 
i 
i 
» 
i 
\ 
c 
i [ 
i f 
8 50.0 
1 71,0 
2 68i2 
3 60.0 
IX t  Waverly : Carrington Sandy Loam 4 66,9 
5 71.6 
6 74.8 
7 70.1 
8 78.0 
X : Independence : Carrington Sandy Loam Not harvested 
1 4\?.3 X *^6 
2 59.0 
3 50.4 1.31 
XI : West Liberty : Calhoun Silt Loam 4. 43.7 1.46 
5 63.8 
6 50.0 
7 50.2 
8 42.2 
1 37.4 1.4.1 
2 42.4 ' . 
3 45.0 1.40 
XII ; West Point : Marion Silt Loam 4 37.8 1.55 
5 46.0 
6 50.6 
7 51.7 
. 8 47.8 
1 58.3 
2 62.7 
3 64.5 
XIII : Rome : Clinton Silt Loam 4 58i2 
5 53.8 
6 57.8 
7 56.6 
8 47.8 
XIV : Osceola ; Clinton Silt Loam Wot harvested 
1 52.2 1.60 
2 52,0 
• - . . . - - ! S 52.0 1.41 

7 51.7 
, 8 47.8 
1 58.3 
2 62.7 
3 64.5 
XIII : Rome ; Clinton Silt Loam 4 58.2 
5 53,8 
6 57.8 
7 56.6 
8 47.8 
XIV : Osceola ; Clinton Silt Loam Not harvested 
1 52.2 1.66 
2 52.0 
3 52.0 1.41 
XV : Osceola : Clinton Silt Loam 4 39.0 1.44 
5 37,0 : 
6 ,42.5 
7 43.5 
8 31.0 
1 42,5 
2 51.5 
3 56.7 
XVI : Murray ; Shelby Loam 4 48.5 
- 5 54.5 
6 53o3 
7 56»0 
8 39.5 

wlBS"* 
Effect on Yield 
The average yield of all eleven fields that were 
harvested was 45*6 bushels per acre for plot 1| 47.8 
bushels for plot 2, 46.7 bushels for plot 3 and 41,6 
bushels for plot 4. This was an increase of about 5 bushels 
per acre from the use of the nitrate. The divided applica­
tion gave the highest yield and the late application gave 
second highest; but these differences due to different 
times of applying the fertilizer were not large enough to 
be of much significance. 
When superphosphate was used in addition to the 
nitrate, the yields were 47.9 bushels per acre for plot 
5, 46.1 bushels for plot 6, 46.3 bushels for plot 7 and 
43.1 bushels for plot 8. The difference on this series 
due to the nitrate is a little smaller than that given 
above, but the same general tendencies are shown except 
that the early application was the most effective in this 
case. In this season there was no evidence of results 
from the use of superphosphate. This was likely due to 
abnormally dry weather conditions. The superphosphate 
tended to cpush the com into earlier maturity and as it 
was further along when dry weather came. It was damaged 
more than the less mature com. Thus on some fields the 
superphosphate was detrimental. 
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Of the different soil types tested^ the Clinton 
silt loam appeared to he the most responsive to nitrate 
fertilization. The average yields on the three fields on 
this soil type which were harvested were as follows: 
Plot Ho. Bashals per Acre 
1 54.1 
2 56.4 
3 56.4 
4 44.3 
5 50.6 
6 54.8 
7 52.2 
8 42.1 
These data show an average increase in yield of 
ahout 10 hushels per acre from the use of sodium nitrate. 
On these fields the superphosphate gave a slight depression 
in yield. The divided application gave slightly better 
results than the early application and about the same as 
the late application. These data appear to emphasize the 
need of nitrates all throu^ the growing period. 
Effect on Nitrogen Content. 
The average figures for the total nitrogen con­
tent of the grain from the different plots showed no differ­
ences resulting from the fertilizers. On the fields from 
which samples were analyzed, the grain from plot 1 had an 
average nitrogen content of 1.64 percent, that fr<Ha plot 3 
had 1.62 percent and that from plot 4 had 1.64 percent. 
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Pield Eacperlment with Corn on Carrlngton I^oam 
One field of Carrlngton loam was selected near 
the Experiment Station farm for some special stiidies on 
the results of fertilizing com with sodium nitrate on 
this soil type. A portion of this field was used by 
Dr. F, B, Smith for an experiment to test the action of 
artificial manures as fertilizers for com, use was 
made of this experiment to test the effect of sodium 
nitrate when used with these various artificial manures 
and other carbonaceous plant residues. 
1 
The general plan of the experiment is given in 
table 44. The plots were 1/20 acre in size with a two-
row border between plots. Plots 1 to 8 inclusive of this 
series were on fall plowing and piots 9 to 16 inclusive 
were on spring plowing. The spring plowing showed a little 
higher moisture content in the soil the most of the season. 
Plots 7 to 16 inclusive had a field application of super­
phosphate at the rate of 120 pounds per acre. All fertil­
izer applications were made broadcast by hand except that 
on plot 10 which was applied by mixing with a small amount 
of soil close to the hill as early as the hills could be 
seen. 
This series was harvested and weighed separately 
October 22 and the yields per acre were calculated on a 
TABLE 44 
FER!riLIZE:R EXPERIMl^ETS WITH CORN ON CARI^INGTOU LOAM 
plot ! treatments 
Ho, : per acre basis 
lA Untreated 
IB 100 lbs. KaJIOg July 3 
2A' 8 tons farm mantire at planting time 
2B 2A + lOO lbs» MaHOs July 3 
5A 8 tons corn stalks treated with Adco at planting time 
3B 3A +100 lbs. HaHO^ July 3 
4A 8 tojks oats i^traw treated i?ith Adco at planting time 
4B 4A + 100 lbs. HaJSO^ July 3 
5A 8 toijis well rottedf oats st^raw at planting tiine 
5B g.4 ife§r Jttly s 
6A ' 
6B 100 lbs, HaHOs Jiilly 3 
7 2 toAs dry corn st|alks at planting time + 100 lbs, 
HaHOs July 3 
8 2 tons dry oats staraw at planting time + 100 lbs. 
HaNOs July 3 
9 100 lbs, Uall©g at planting time 
10 100 ibs, HaNOg hill application at planting time 
11 100 lbs, HaHOs J^ly 3 
12 TTfitreated 
13 200 lbs, HaHOg at planting time 
14 200 lbs, NalTOs July 3 
15 100 lbs, IStaHOg at plsnting time + 100 lbs, July 3 
16 50 lbs, HoHOg at planting time + 50 lbs, July 3 
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basis of 80 pounds of corn per bushel. Samples were col­
lected from some of the plots and the grain analyzed for 
its total nitrogen content. 
a?he yields and the total nitrogen content are 
given in table 45. 
Effect on Yield. 
Plots IB and 6B which received 100 pounds per 
acre of nitrate July 3 produced 1.6 bushels per acre less 
than the adjoining plots lA and 6A which were untreated. 
The artificial manure treatments on plots 2A and 5A were 
apparently better tiian when nitrate was used in addition. 
Plots 2A to 5A produced an average of 55.8 bushels per 
acre and the adjoining plots 2B to 5B which received 
nitrate in addition produced only 52.5 bushels per iacre 
average. Plot 12 which was the check plot on the spring 
plowing yielded 73.7 bushels per acre which was next to 
the highest yield in the series. Plot 9 gave the highest 
yield with 74.7 bushels per acre. Plots 13 and 14 each of 
which received 200 potinds per acre of sodixun nitrate 
yielded nearly 10 bushels per acre less than the adjoin­
ing check plot. 
Effect on Hitrogen Content. 
Ho significant difference was noted in the total 
nitrogen content of the grain from the different plots. 
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TABLE 45 
RESULTS GP FERTILIZER EXPERII®HT WITH CORN 
OH GARRIHGTON LOAM 
Plot : buaHels ; % nitrogen 
No. : per acre :in grain 
lA 59.2 
IB 60,7 
2A 58.0 
2B 61^7 
3A 57^0 . 
3B 51.5 
4A 49.7 1.47 
4B 47.5 1.48 
5A 58.5 1.51 
5B 49.5 
6A 49,2 1.47 
6B 44.5 1.50 
7 51.5 1.54 
8 57,2 X,55 
9 74,7 1.56 
10 68.7 1,52 
11 67.2 1.59 
12 73.7 1,52 
13 64.0 1.64 
14 63.0 1.65 
15 65,5 
16 66.5 
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Gonclualons 
Plots 7 and 8 which were treated with fresh dry 
plant residues did not show any depressed yield due to 
these treatments, which may or may not have been due to the 
nitrate application in July. It is probable that the in­
creased yield on plot 8 over that on plot 7 was due to 
moisture differences. One years results with these mater­
ials is of course insufficient for definite conclusions. 
Miller (93) of Minnesota studied the effects of com stover 
and wheat straw over an eleven-year period and concluded 
that these materials applied to the soil regularly will 
increase the yield of both com and wheat, 
There is no evidence from these results tjiat 
sodium nitrate is of any value as a side dressing for com 
on Garrington loam which has been kept in a fairly good 
state of fertility. 
It was quite evident from the results secured 
in this experiment that some factors other than the nitrate 
content of the soil were producing a major influence on 
the crop yield. 
Summary 
1. Field experiments were conducted on some of the minor 
soil types of Iowa to test tho effect of sodium nitrate as 
a fertilizer for corn. 
2. Plots were located on 16 fields including 9 different 
soil types. 
3. On the fields that were harvested, there was a small 
increase in yield shown, due to the nitrate fertilissation. 
4* The Clinton silt loam appeared to he the most respon­
sive soil to the nitrate fertilizer and the results secured 
on the 3 fields of that soil type indicated that sodium 
nitrate in amounts of 100 pounds per acre might he worth 
while as a side dressing for corn. Ho other soil gave 
evidence of any consistent increases in yield. 
5. If the nitrate was applied v/hen the com was about 
knee high it appeared to be fully as effective as if it was 
applied earlier. 
6. The nitrate did not show any influence on the nitrogen 
content of the com in any of the samples tested. 
7. An experiment was conducted near the Eaqieriment Station 
to test the effect of sodium nitrate on corn on Carrington 
loam. The nitrate was tested when applied in different 
amounts, at different times, and in addition to some arti­
ficial manures and crop residue treatments. 
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8. On. the Carrington loam this season the nitrate failed 
to produce any effects on the yield of corn or on the 
nitrogen content• 
9. The effects produced by the artificial manures or crop 
residues were too irregular to be of any significance. 
10. There was no evidence from this ea^eriment that sodium 
nitrate is worth while as a side dressing for com on 
Carrington loam which has been kept in a fairly good state 
of fertility. 
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GEMERAL SUMMARY 
1. In papt I of this dissertation atiidies are 
reported on the nitrate assimilating power of soils. 
2. The nitrate assimilating power of the. soils 
was not materially affected by ordinary field applications 
of straw, corn stalks, barnyard manure or sodium nitrate. 
3. Soluble organic matter added to the soils in 
the tests tended to lessen natural differences which may 
have occurred in their nitrate assimilating power. 
4. The nitrate assimilating power was apparent­
ly correlated with the nitrifying power of the soils and 
both processes seemed to have some relation to the soil 
type. 
5. Very little correlation was noted betv/een 
the nitrate asslmilati3ag power of the field soils and 
their nitrate and total nitrogen content. 
6. Applications of dextrose to the soils in the 
greenhouse broiight about a rapid, disappearance of nitrates 
and this was accompanied by a considerable increase in the 
numbers of molds and bacteria# The counts of these organ­
isms remained high as long as the effects of the dextrose 
lasted. 
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?• Tile results indicate that vihsn studying the 
nitrate assimilating power of soils "by a tumbler method, 
it is very important that the moisture content be care­
fully controlled. 
8, in Part II results are reported on nitrate 
fertilization studies on wheat, oats and corn on some 
Iowa soils. 
9, Applications of sodium nitrate to winter 
wheat on Shelby loam and Waukesha silt loam produced sig^ 
nificant increases in tlie yields of grain and some small 
increases in the pi^tein content* Top dressings in the 
early spring appeared to "be the most desirable method of 
application. 
10, Sodium nitrate gave good returns on the oats 
grown on Shelby loam in the greenhouse and on Carrington 
loam in the field* The early applications were more ef­
fective than the late applications. Superphosphate when 
used alone on oats had little effect "but when it was used 
in connection with sodi-um nitrate, at the rate of 200 
pounds per acre, good increases in yields were secured^ 
200 pounds per acre of sodium nitrate without phosphate 
tended to produce an excess of straw grovjth and also some­
what delayed maturity. The protein content of the oats 
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v/as increased in proportion to tho amoTint of sodiiim 
nitrate applied. 
11. Sodium nitrate had little if any effects 
on com grown on Carrington loam. 
12. on some of the minor soil types in the 
state increases in yields of corn were secured from side 
dressings of sodium nitrate. The fertilizer was more 
effective on the Clinton silt loam than on any of the 
other soils studied. The most effective and economical 
treatment seemed to "be a side dressing of about 100 
potinds per acre applied about July 1. 
13» The nitrate did not have any appreciable 
effect on the protein content of the cora. 
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PLATE I 
WHEAT FERTILIZATION ON WAUKESHA SILT LOAM 
Plot 1. UntTeated 
PLATE I 
PLATE II 
WHEAT FERTILIZATION ON ^VHUKESHA SILT LOAM 
Plot 2, 100 Its. NaNOg.per acre April 10. 
-200--
PLATE III 
WHEAT J^RTILIZATION ON V/AUKESHA SILT LOAM 
Plot 3, 100 lbs. NaN03 per acre at 
heading time. 
PLATE III 
PLATE IV 
WHEAT FERTILIZATION ON WAUKESHA SILT LOAM 
Plot 4, 200 lbs. NaNO.3 per acre April 10, 
Plot 5. 200 lbs, NaNOs per acre at 
he ading t ime . 
•PLATE IV 
PLATE V 
VffiEAT FERTILIZATION 
Plot 7. 50 lbs. 
50 lbs. 
ON WAUKESHA SILT LOAM 
NaNOg per acre April 10 
at heading time. 
PLATE V 
PLATE VI 
'iffflEAT FERTILIZATION ON WAUKESHA SILT LOAM 
Plot 8. 100 lbs. NaNOg + 120 lbs. super­
phosphate per acre April 10 + 
100 lbs, NaNOs at heading time. 
PLATE VI 
PLATE VII 
FERTILIZATION OP OATS ON SHELBY LOAM 
IN THE GREENHOUSE 
(Photographed April 12) 
Pot 1. Untreated 
Pot 2. 100 lbs. NaNOs per acre Jan. 7 
Pot 5. 200 lbs, NaNOg per acre Jan. 7 
Pot 6, 200 lbs, NaNOg per acre March 10 
Pot 8, 200 lbs. NaN03 + 120 lbs. super­
phosphate per acre Jan. 7 
Pot 9, 120 lbs, superphosphate per acre 
Jan. 7 + 200 lbs. NaNOs March 10 
PLATE VII 
PLATE VIII 
CULTURE SOLUTION EXPERIMENT WITH OATS 
No, 1, Oats at 2 weeks age in nitrate solution 
No, 2. Oats at 2 weeks age in ammonia solution 
No, 3, Oats at 8 weeks age in ammonia solution 
No, 4, Oats at 8 weeks age in nitrate solution 
PLATE VIII 
